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ABSTRACT 
 
 The establishment of a U.S. National Y-STR reference database from a variety of 
geographically and ethically diverse populations is essential to facilitate the generation of 
reliable estimates of Y-STR haplotype frequencies. Such multi-locus haplotype frequencies are 
required to provide a statistical estimate of the significance of a match. Y-STR loci, unlike 
traditional STR markers, are not independent of one another and are co-inherited as extended 
haplotypes of linked markers. The estimation of the frequency of occurrence of a particular 
haplotype therefore necessitates the use of a counting method, which means that the significance 
of many matches is dependent upon the size, in both the number of samples and the number of 
included loci, in the database. A U.S. Y-STR Haplotype Reference Database has been created by 
the International Forensic Y-User Group and is maintained by the Max Plank Institute for 
Evolutionary Anthropology, Leipzig, Germany. However, this database has been limited to a set 
of 9 core Y-STRs, limiting its operational usefulness, particularly in light of the development of 
novel Y-STR multiplexes consisting of additional loci. 
 A key component of our developmental strategy is to allow for the continuous updating 
of haplotype data using the same samples. This ensures that as new markers are developed, the 
same samples would be re-typed, and a new extended haplotype developed, thus accommodating 
any laboratory needing haplotype data for any combination of Y-STR markers. The aid of 
geographically diverse crime laboratories was enlisted to obtain the necessary samples. In 
exchange for the samples, the crime laboratories benefit by obtaining a custom built no-cost local 
Y-STR database. Results on the development of a 49 locus Y-STR National Reference Database 
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will be defined and information on the future establishment of web-based accessibility to the 
forensic community will also be provided. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 iii
  I would like to dedicate this work to my friends and family. To my family Peter, Katerina 
and Foti especially, I greatly appreciate the support you all have shown me during the course of 
my education. I know it has been a long process. I thank you for giving me the strength to 
accomplish my goals. I love you with all my heart!! To Erin, I thank you for your continual 
support on this project throughout the years. Thanks for always lifting my spirits up. To all my 
friends in the laboratory, thank you for putting up with my “Greek” ways. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 iv
ACKNOWLEDGEMENTS 
 
 I would like to acknowledge Dr. Jack Ballantyne for providing guidance and perspective 
on this project. I would also like to acknowledge the National Institute of Justice for the funding 
of this project. In addition, I would like to thank Ashley Hall for providing the primer mixes for 
Multiplex I and Multiplex II. I would also like to thank Erin Hanson for providing the primers 
for Multiplex III and contributing population data for Multiplex IV. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 v
TABLE OF CONTENTS 
 
LIST OF TABLES..........................................................................................................................X 
LIST OF FIGURES ....................................................................................................................XIII 
CHAPTER 1. INTRODUCTION ....................................................................................................1 
CHAPTER 2. METHODS…......................................................................................................….7 
2.1 Collection of Population Samples......................................................................................... 7 
2.2 DNA Isolation & Purification............................................................................................... 7 
2.3 DNA Quantitation Using Yield Gel Analysis....................................................................... 9 
2.4 PCR Amplification................................................................................................................ 9 
2.4.1 Standard Reaction. ......................................................................................................... 9 
2.4.2 Primers ......................................................................................................................... 10 
2.4.3 Thermal Cycling Parameters for PCR ......................................................................... 11 
2.5 ProfilerTM ............................................................................................................................ 13 
2.6 PCR Product Detection Using Capillary Electrophoresis................................................... 13 
2.7 Precision.............................................................................................................................. 13 
2.8 Allele Ranges ...................................................................................................................... 14 
2.9 Allele Calibration................................................................................................................ 15 
2.9.1 Comparison to Standard Reference Materials (2395).................................................. 15 
2.9.2 Sequencing................................................................................................................... 15 
2.9.3 Allele Nomenclature .................................................................................................... 16 
 vi
2.10 Construction of Allelic Ladders........................................................................................ 17 
2.11 Statistical Analysis............................................................................................................ 17 
2.11.1 Allele Frequencies ..................................................................................................... 17 
2.11.2 Single Locus Haplotype Diversity Values................................................................. 18 
2.11.3 Discriminatory Capacity ............................................................................................ 18 
CHAPTER 3. RESULTS AND DISCUSSION.............................................................................19 
3.1 Characteristics of Multiplex Systems ................................................................................. 19 
3.2 Allele Nomenclature ........................................................................................................... 20 
3.3 Database Structure .............................................................................................................. 27 
3.3.1 Quality Control ............................................................................................................ 28 
3.3.2 Data Entry .................................................................................................................... 29 
3.4 Precision and Calibration.................................................................................................... 34 
3.4.1 DYS19.......................................................................................................................... 35 
3.4.2 DYS385a/b (Bilocal Locus)......................................................................................... 36 
3.4.3 DYS388........................................................................................................................ 41 
3.4.4 DYS389I/II (Bilocal Locus) ........................................................................................ 47 
3.4.5 DYS390........................................................................................................................ 54 
3.4.6 DYS391........................................................................................................................ 60 
3.4.7 DYS392........................................................................................................................ 61 
3.4.8 DYS393........................................................................................................................ 67 
3.4.9 DYS425........................................................................................................................ 68 
3.4.10 DYS426...................................................................................................................... 72 
 vii
3.4.11 DYS434...................................................................................................................... 75 
3.4.12 DYS435...................................................................................................................... 81 
3.4.13 DYS436...................................................................................................................... 82 
3.4.14 DYS437...................................................................................................................... 85 
3.4.16 DYS439...................................................................................................................... 92 
3.4.17 DYS441...................................................................................................................... 96 
3.4.18 DYS442...................................................................................................................... 99 
3.4.19 DYS446.................................................................................................................... 102 
3.4.20 DYS462.................................................................................................................... 106 
3.4.21 Y-GATA A7.1 ......................................................................................................... 109 
3.4.22 Y-GATA A7.2 ......................................................................................................... 115 
3.4.23 Y-GATA A10 .......................................................................................................... 117 
3.4.25 Y-GATA H4 ............................................................................................................ 125 
3.4.26 YAP.......................................................................................................................... 128 
3.5 Comparison of Gene Diversities....................................................................................... 134 
3.6 Current Status of Database and Population Studies.......................................................... 135 
3.7 Minimal Haplotype Loci (MHL) Population Analysis..................................................... 140 
3.8 Additional Markers ........................................................................................................... 140 
3.8.1 MPIV.......................................................................................................................... 140 
3.8.2 Improved Discrimination with MPIV........................................................................ 141 
3.9 Allelic Ladders.................................................................................................................. 146 
CHAPTER 4. CONCLUSIONS ..................................................................................................155 
 viii
REFERENCES ............................................................................................................................157 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ix
LIST OF TABLES 
 
Table 1. Multiplex I Characteristics.............................................................................................. 21 
Table 2. Multiplex II Characteristics. ........................................................................................... 23 
Table 3. Multiplex III Characteristics. .......................................................................................... 25 
Table 4. Y-STR Database results for 19 Y-STR loci.................................................................... 30 
Table 5. Y-STR Database results for 9 Y-STR loci...................................................................... 31 
Table 6. Y-STR Haplotype Database results for 19 Y-STR loci. ................................................. 32 
Table 7. Y-STR Haplotype Database results for 9 Y-STR loci .................................................... 33 
Table 8. Allele Distribution for DYS19........................................................................................ 35 
Table 9. Allele Distribution for DYS385a.................................................................................... 39 
Table 10. Allele Distribution for DYS385b.................................................................................. 40 
Table 11. Allele Distribution for DYS388.................................................................................... 46 
Table 12. Allele Distribution for DYS389I. ................................................................................. 50 
Table 13. Allele Distribution for locus DYS389II........................................................................ 53 
Table 14. Allele Distribution for DYS390.................................................................................... 57 
Table 15. Allele Distribution for locus DYS391. ......................................................................... 60 
Table 16. Allele Distribution for DYS392.................................................................................... 64 
Table 17. Allele Distribution for DYS393.................................................................................... 67 
Table 18. Allele Distribution for DYS425.................................................................................... 71 
Table 19. Allele Distribution for DYS426.................................................................................... 72 
Table 20. Allele Distribution for DYS434.................................................................................... 78 
 x
Table 21. Allele Distribution for DYS435.................................................................................... 81 
Table 22. Allele Distribution for DYS436.................................................................................... 82 
Table 23. Allele Distribution for Locus DYS437. ........................................................................ 86 
Table 24. Allele Distribution for Locus DYS438. ........................................................................ 89 
Table 25. Allele Distribution of DYS439. .................................................................................... 95 
Table 26. Allele Distribution for DYS441.................................................................................... 96 
Table 27. Allele Distribution for DYS442.................................................................................. 102 
Table 28. Allele Distribution for DYS446.................................................................................. 105 
Table 29. Allele Distribution for DYS462.................................................................................. 109 
Table 30. Allele Distribution for Y-GATA A7.1. ...................................................................... 112 
Table 31. Allele Distribution for Y-GATA A7.2. ...................................................................... 116 
Table 32. Precision for Y-GATA A10........................................................................................ 118 
Table 33. Allele Distribution for Y-GATA C4........................................................................... 124 
Table 34. Allele Distribution for Y-GATA H4. ......................................................................... 125 
Table 35. Allele Distribution for YAP (+/-). .............................................................................. 131 
Table 36. Y-STR Gene Diversity values .................................................................................... 137 
Table 37. Multi-Locus Haplotype Diversity for 19 Y-STR Loci. .............................................. 142 
Table 38. Multi-Locus Haplotype Diversity for 28 Y-STR Loci. .............................................. 142 
Table 39. Autosomal Analysis Using Profiler. ........................................................................... 144 
Table 40. MPIV improvement on Discrimination Potential of 19 Y-STR loci. ......................... 145 
Table 41. Distribution of 9 “MHL” Y-STR Haplotypes for Three Major U.S. Populations...... 145 
Table 42. Multiplex I Allelic Ladder Proportions for the Blue and Green Channels. ................ 148 
 xi
Table 43. Multiplex I Allelic Ladder Proportions for the Yellow Channel................................ 149 
Table 44. Multiplex II Allelic Ladder Proportions for the Blue Channel................................... 151 
Table 45. Multiplex II Allelic Ladder Proportions for the Green Channel. ............................... 152 
Table 46. Multiplex II Allelic Ladder Proportions for the Yellow Channel. ............................. 153 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 xii
LIST OF FIGURES 
 
Figure 1. Multiplex I. .....................................................................................................................22 
Figure 2. Multiplex II.....................................................................................................................24 
Figure 3. Multiplex III. ..................................................................................................................26 
Figure 4. Precision Graph for DYS19............................................................................................37 
Figure 5. The Distribution of Allele Frequencies for DYS19 .......................................................38 
Figure 6. Precision Graph for DYS385a........................................................................................42 
Figure 7. The Distribution of Allele Frequencies for DYS385a....................................................43 
Figure 8. Precision Graph for DYS385b........................................................................................44 
Figure 9. The Distribution of Allele Frequencies for DYS385b ...................................................45 
Figure 10. Precision Graph for DYS388........................................................................................48 
Figure 11. The Distribution of Allele Frequencies for DYS388 ...................................................49 
Figure 12. Precision Graph for DYS389I. .....................................................................................51 
Figure 13. The Distribution of Allele Frequencies for DYS389I. .................................................52 
Figure 14. Precision Graph for DYS389II. ....................................................................................55 
Figure 15. The Distribution of Allele Frequencies for DYS389II.................................................56 
Figure 16. Precision Graph for DYS390........................................................................................58 
Figure 17. The Distribution of Allele Frequencies for DYS390 ...................................................59 
Figure 18. Precision Graph for DYS391........................................................................................62 
Figure 19. The Distribution of Allele Frequencies for DYS391 ...................................................63 
Figure 20. Precision Graph for DYS392........................................................................................65 
 xiii
Figure 21.  The Distribution of Allele Frequencies for DYS392 ..................................................66 
Figure 22. Precision Graph for DYS393........................................................................................69 
Figure 23. The Distribution of Allele Frequencies for DYS393 ...................................................70 
Figure 24. Precision Graph for DYS425........................................................................................73 
Figure 25.  The Distribution of Allele Frequencies for DYS425 ..................................................74 
Figure 26. Precision Graph for DYS426........................................................................................76 
Figure 27.  The Distribution of Allele Frequencies for DYS426 ..................................................77 
Figure 28. Precision Graph for DYS434........................................................................................79 
Figure 29. The Distribution of Allele Frequencies for DYS434 ...................................................80 
Figure 30. Precision Graph for DYS435........................................................................................83 
Figure 31.  The Distribution of Allele Frequencies for DYS435 ..................................................84 
Figure 32. Precision Graph for DYS436........................................................................................87 
Figure 33. The Distribution of Allele Frequencies for DYS436 ...................................................88 
Figure 34. Precision Graph for DYS437........................................................................................90 
Figure 35.  The Distribution of Allele Frequencies for DYS437. .................................................91 
Figure 36. Precision Graph for DYS438........................................................................................93 
Figure 37. The Distribution of Allele Frequencies for DYS438 ...................................................94 
Figure 38. Precision Graph for DYS439........................................................................................97 
Figure 39.  The Distribution of Allele Frequencies for DYS439 ..................................................98 
Figure 40. Precision Graph of DYS441.......................................................................................100 
Figure 41. The Distribution of Allele Frequencies for DYS441 .................................................101 
Figure 42. Precision Graph for DYS442......................................................................................103 
 xiv
Figure 43.  The Distribution of Allele Frequencies for DYS442 ................................................104 
Figure 44. Precision Graph for DYS446......................................................................................107 
Figure 45. The Distribution of Allele Frequencies for DYS446 .................................................108 
Figure 46. Precision Graph for DYS462......................................................................................110 
Figure 47. The Distribution of Allele Frequencies for DYS462 .................................................111 
Figure 48. Precision Graph for Y-GATA A7.1. ..........................................................................113 
Figure 49. The Distribution of Allele Frequencies for Y-GATA A7.1 .......................................114 
Figure 50. Precision Graph for Y-GATA A7.2. ..........................................................................119 
Figure 51. The Distribution of Allele Frequencies for Y-GATA A7.2 .......................................120 
Figure 52. Precision for Y-GATA A10. ......................................................................................122 
Figure 53.  The Distribution of Allele Frequencies for Y-GATA A10 .......................................123 
Figure 54. Precision for Y-GATA C4..........................................................................................126 
Figure 55.  The Distribution of Allele Frequencies for Y-GATA C4 .........................................127 
Figure 56. Precision for Y-GATA H4. ........................................................................................129 
Figure 57. The Distribution of Allele Frequencies for Y-GATA H4 ..........................................130 
Figure 58. Precision for YAP (-/+). .............................................................................................132 
Figure 59. The Distribution of Allele Frequencies for YAP (-/+) ...............................................133 
Figure 60. Comparison of Gene Diversity values among 28 Y-STRS........................................136 
Figure 61. Allelic Ladder for Multiplex I ....................................................................................150 
Figure 62. Allelic Ladder for Multiplex II...................................................................................154 
 
 
 
 xv
CHAPTER 1. INTRODUCTION 
 
The history of the Y-chromosome has proven to be informative and particularly useful 
for studying lineages, missing person cases, and determining Y- chromosome ancestry (Corach 
1997; Kayser 2001; Kayser 2003). Most importantly, the Y-chromosome has become a powerful 
tool in identification and characterization of  male DNA in forensic analysis (Kayser 2002). 
Haplotypes are based upon short tandem repeats (STRs) or micosatellites (2-6 base pairs) that 
have been included in studies relating to multiplex analysis of the Y- chromosome (Prinz 1997; 
Corach 2001; Kayser 2002). Y-STR haplotypes have shown to be useful when trying to 
determine the genetic profile of the male donor in a male/female DNA admixture when the 
female portion exceeds the male (eg > 1000) and autosomal analysis fails or is not possible (Betz 
2001; Dekairelle 2001; Prinz 2001). This problem can be encountered particularly when dealing 
with mixtures containing body fluids other than semen (saliva/saliva, saliva/vaginal secretions) 
where a differential lysis is not possible due to the absence of sperm, or with extended interval 
post coital samples where the sperm are in an extremely fragile state. With traditional autosomal 
analysis, the minor male component could be lost completely during the extraction process or 
would be masked by the overwhelming amount of female DNA, if not previously separated from 
the female DNA. Since Y-STRs target the Y chromosome specifically, this would eliminate 
masking of the male component by the overwhelming amount of female DNA, and additionally 
would eliminate the need for a differential lysis, thus reducing the possibility of losing the male 
component. Furthermore, the Y-chromosome can aid in the determination of the number of male 
contributors in mixtures since only one allele is seen for most of the loci.  
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 If Y-chromosome makers are to be used in DNA analysis it is important to establish a 
meaning of a match. The Y- chromosome has a unique biology since it is passed down from 
father to son without any recombination, establishing a paternal lineage (Jobling 2003). The 
genetic markers are inherited as blocks of physically linked markers otherwise known as 
haplotypes. Since these Y-STR markers are not independent of one another, the use of the 
product rule is not allowed and a counting method has to be incorporated to determine how 
frequent a particular haplotype has been observed in a population (Krawczak 2001; Pereira 
2002). Thus, the need for a database of multi-locus haplotypes comprising various populations 
and large sample size is required to provide a statistical estimate of the significance of a match. 
In addition, a combination of highly polymorphic Y-STR markers is essential to significantly 
increase diversity values as well as discrimination potential. Therefore, it is important for a 
database to be large in terms of samples, ethnicities and include a large number of markers in 
order to ascertain reliable population statistics.  
 Due to the importance of Y-STR typing, the allele frequency distributions from diverse 
population groups have been made available through forensic databases on the worldwide web. 
The current databases that exist are the European (www.ystr.org/europe) and Asian 
(www.ystr.charite.de/index_asia) Y-STR Haplotype Reference Database created by Willuweit 
and Roewer and submissions from the International Forensic Y-User’s Group. In addition, an 
American Y-STR Database (www.ystr.org/usa) has been generated by Kayser and Stoneking at 
Max Plank Institute Leipzig, Germany. These databases are based upon the nine “minimal 
haplotype loci” (MHL): DYS19, DYS389I, DYS389II, DYS390, DYS391, DYS392, DYS393, 
DYS385a/b and the SWGDAM endorsed loci; DYS438 and DYS439 (Roewer 2001). However, 
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these databases only comprise the eleven core Y-STR loci, limiting their operational usefulness, 
particularly in the light of the development of novel Y-STR loci. Some other limitations of 
existing databases are that they are not easily expandable to include other loci. Consequently, the 
database samples would need to be obtained and typed using the loci not contained in these 
databases and contributors may not have access to these previously typed samples. If analysis of 
samples using the additional Y-STRs was possible, these samples would need to be genotyped 
according to the Standard Reference Materials (2395) currently available (National Institute of 
Standards and Technology). However, the standard reference materials that exist do not contain 
information to calibrate these additional loci, leading to technological restraints of the systems 
employed and validation obstacles. This could preclude many laboratories from benefiting from 
the database and could lead to additional expenses for laboratory as well. 
 Casework applications in the U.S. will require the use of additional Y-STR loci that 
extend beyond the recommended “minimal haplotype” set. As of 2002 the Y-STR database for 
U.S. populations uses the 9 minimal haplotype loci for population analysis (Kayser 2002). This 
database contains 1705 individual entries with 1116 different unique 9-locus haplotypes with a 
discriminatory capacity of approximately 65%. Approximately 80% of these haplotypes were 
found to occur once in the database and approximately 20% occurred more than once, with the 
most frequent haplotype being found in approximately 3% of the individuals. As a result, these 
studies show that there is a potential need for additional Y-STR markers to significantly improve 
the discriminatory capacity of obtaining a unique haplotype.  
 There are some commercial companies that have also developed their own databases 
based on the Y-STR markers employed in their kits. Most of these databases include the 9 MHL 
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and the SWGDAM core loci. For example, Reliagene is one company that has developed the Y-
PLEX 12 kit, consisting of the MHL and the SWGDAM core. Another commercial company, 
Promega, has the Powerplex Y kit and their database contains the same markers as Reliagene, 
expect with the addition of DYS437. Subsequently, any user that attempts to access these 
databases is limited to the markers specific in their commercial kits. Therefore, establishing a 
National Reference Database that contains an extensive compilation of Y-STRs will allow the 
forensic community to access genetic information on any combination of markers and Y-STR 
multiplex systems. 
 The purpose of a establishing a comprehensive database consisting of markers that extend 
beyond the minimal haplotype loci is to allow forensic scientists to estimate the frequency of a 
Y-STR haplotype profile using any combination of markers. In addition, it would allow for 
evaluation of the discriminatory capacity of novel individual loci or multiplex systems. Our 
philosophy was to extend the database to include all Y-STR systems likely to be used in 
casework and to populate the database with individuals of different ethnic and geographic 
origins. Also, sufficient quantities of each sample would be extracted, allowing for additional 
typing of the same samples if new loci beyond the extended haplotype are incorporated.  
 The NCFS database initially comprised data generated in the laboratory based upon a 19 
Y-STR locus extended haplotype from Multiplex I and Multiplex II systems (Hall 2003). The 
loci include: DYS19, DYS385 (a) and (b), DYS388, DYS389I, DYS389II, DYS390, DYS391, 
DYS392, DYS393, DYS425, DYS434, DYS437, DYS438, DYS439, Y-GATA C4, Y-GATA 
A7.1, Y-GATA A7.2 and Y-GATA H4. Data was compiled from various Caucasian, African 
American, Hispanic, Native American and Asian populations. A comprehensive evaluation of 
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the data was carried out to determine the allelic distribution and the haplotype diversity at each 
locus. Allelic ladders for the 19 Y-STR markers were constructed to aid in accurate genotype 
determinations.  Since there are a number of common 19-locus haplotypes, additional loci have 
been included in the database from Multiplex III (Hanson 2003) and Multiplex IV (Hanson 
2004). The loci that are included with these systems are as follows: DYS426, DYS435, DYS436, 
DYS441, DYS442, DYS443, DYS444, DYS445, DYS446, DYS447, DYS448, DYS449, 
DYS452, DYS453, DYS454, DYS455, DYS456, DYS458, DYS462, DYS463, DYS464, 
DYS468, DYS484, DYS522, DYS527, DYS531, DYS557, DYS588, Y-GATA A10, and YAP 
(Alu insertion). Although, some data exists for some of these loci in U.S. populations, it is not 
readily accessible to the crime laboratory community and usually does not contain multi-locus 
haplotype data.   
 The present work describes the design, construction and development of a comprehensive 
49 locus Y-STR database for major U.S. populations. A complete study of each Y-STR marker 
was carried out to determine the number of alleles, the allele frequency in each ethnic population 
group and the haplotype diversity at each locus. The generation of reliable Y-STR haplotype 
frequencies can be obtained from the database necessary to facilitate statistical estimates of the 
significance of a match. Our extensive Y-STR haplotyping will allow forensic scientists to use 
any combination of markers necessary for acquiring haplotype frequency estimates. Furthermore, 
population studies of males from geographically diverse populations of African Americans, 
Asians, Caucasians, Hispanics and Native Americans can be made, thus allowing determination 
of significantly different allele distributions among these populations. The incorporation of 
additional DNA markers in the database, that extend beyond the “minimal haplotype”, will 
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demonstrate that more polymorphic markers are needed to obtain a higher degree of 
discrimination (>.90) between individuals. 
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CHAPTER 2. METHODS  
 
2.1 Collection of Population Samples 
 The body fluids used in this analysis were bloodstains from anonymous male individuals. 
The bloodstains were dried on filter paper or cloth. DNA samples were also received as partial 
extracts in three volumes of ethanol. The samples were obtained from several different 
laboratories in the U.S. These laboratories include the Connecticut State Police Forensic Science 
Laboratory (Meriden, Connecticut), the Minnesota Bureau of Criminal Apprehension (St. Paul, 
Minnesota), the South Dakota Crime Laboratory (Pierre, South Dakota) and the Virginia 
Division of Forensic Science (Richmond, VA).  All samples were stored at -200C until further 
use. 
 
2.2 DNA Isolation & Purification 
  DNA was extracted from dried bloodstains using the standard phenol: chloroform 
method (Comey 1994). This method was followed by purification with Centricon™ 100 
(MilliPore, Bedford MA). The bloodstains were cut into small pieces from a piece of cloth or 
filter paper and placed into a Spin-Ease extraction tubes (Gibco-BRL, Grand Island, NY). A 
volume of 400µl of DNA Extraction Buffer (100mM NaCl, 10mM Tris-HCl, pH 8.0, 25mM 
EDTA, 0.5% SDS and 0.1 mg/mL Proteinase K) was added to all tubes and incubated in a 560C 
water bath overnight.  The cut pieces were removed from the tube and placed into a Spin-Ease 
basket. The basket was placed back in the original tube and centrifuged at 14,000 rpm for 5 
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minutes to remove any liquid remaining in the substrate. The baskets were removed and 
discarded in a biohazard container after use. 
 To all original tubes, 400µl phenol/chloroform/isoamyl alcohol (Fisher, Suwanee, GA), 
was added to the volume of the crude extract and mixed by inversion. The tubes were 
centrifuged at 14,000 rpm for 5 minutes which results in a separation of phases.  The aqueous 
phase, containing the DNA, was transferred into the sample reservoir of the Centricon™ 100 
Centrifugal Filter Device, and TE-4 pH7.5 buffer (10mM Tris-HCl, 0.1mM EDTA, pH7.5) was 
added to the fill line on the tube. The Centricon tubes were placed in the rotor and centrifuged at 
900x g for 25 minutes. The centrifugal force drives the low molecular weight solutes through the 
membrane into lower filtrate vial. The macrosolutes are retained on the surface of the membrane 
in the sample reservoir. An additional rinse step was included in order to remove remaining 
inhibitors. For DNA recovery, 100µl TE-4 pH7.5 was added directly onto the filter of the 
Centricon tube and inverted into a retentate vial. The samples were centrifuged at 1000x g for 5 
minutes. The DNA concentrate recovered from the vial was transferred to a new 1.5mL tube. 
The samples were then stored at 40C until further analysis. 
 DNA from samples received in 3 volumes of ethanol was isolated by centrifugation at 
14,000 rpm for 15 minutes. The ethanol was removed carefully so as not to disturb the DNA 
pellet. The DNA pellet was washed twice with 1mL room temperature 70% EtOH.  The samples 
were centrifuged for 5 minutes at 14,000 rpm. The ethanol was removed from the samples and 
the pellet was dried using vacuum centrifugation at 560C. The DNA pellet was re-solubilized in 
100µl TE-4 pH7.5 and placed in a 560C water bath overnight. The samples were stored at 40C 
until needed. 
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2.3 DNA Quantitation Using Yield Gel Analysis 
 For DNA quantitation, 1% agarose gel, in which 300µl 1X TAE (Tris-Acetate EDTA) 
and 30µl EtBr (ethidium bromide) were mixed in a beaker. 25µl of the 1X TAE/EtBr solution 
was added to 0.25g molecular biology grade agarose (Fisher). This was boiled in a microwave 
for approximately 1 minute or until the agarose was completely dissolved. The solution was 
cooled to 560C and poured into the gel tray. A twelve well comb was inserted and the gel was 
allowed to harden for approximately 15 minutes.  
 For sample preparation, 5µl of the DNA extract was transferred into a clean 0.6mL 
microcentrifuge tube.  1µl 6X loading buffer (0.25% bromophenol blue, 0.25% xylene cyanol, 
40% sucrose) was added to the DNA extract for each individual sample. DNA quantitation 
standards (5ng/µl, 15ng/µl, 30ngµl, 60ng/µl, 100ng/µl, 125ng/µl, 200ng/µl, 250ng/µl, 375ng/µl, 
and 500ng/µl) were prepared and run with the samples. The gel was run at 200 volts for 15 
minutes. The gel was visualized by placing it on a short wave UV transilluminator. A film of the 
gel was taken, and quantitation of DNA samples was performed by visual comparison to the 
DNA standards (Kline M 2003).  
 
2.4 PCR Amplification 
 
 2.4.1 Standard Reaction.  
 DNA extracts from male blood samples were amplified using three Y-chromosome STR 
multiplex systems. These multiplex systems were developed and validated at the University of 
Central Florida, Department of Chemistry, Orlando, Florida and the National Center of Forensic 
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Science (NCFS) Orlando, Florida. The conditions of the PCR reaction mix for each multiplex 
varied and resulted in a set standard mix: Multiplex I (MPI): 25µl reaction volume- 3ng template 
DNA (male samples), 250µΜ each dNTP, 1X PCR Buffer II (10mM Tris-HCl, pH8.3, 50mM 
KCl), 3.25mM MgCl2, 2.5units AmpliTaq Gold DNA Polymerase (Applied Biosystems, Foster 
City, CA), 10µg non-acetylated bovine serum albumin, BSA (Sigma-Aldrich, St. Louis, MO) 
and (0.055-1.0) µM primers (Invitrogen, Grand Island, NY). Multiplex II (MPII): 25µl reaction 
volume- 3ng template DNA (male samples), 250µΜ each dNTP, 1X PCR Buffer II (10mM Tris-
HCl, pH8.3, 50mM KCl), 2.5mM MgCl2, 2.5units AmpliTaq Gold DNA Polymerase, 10µg non-
acetylated bovine serum albumin and (0.035-0.5) µM primers. Multiplex III (MPIII): 25µl 
reaction volume- 3ng template DNA (male samples), 250µΜ each dNTP, 1X PCR Buffer II 
(10mM Tris-HCl, pH8.3, 50mM KCl), 1.6mM MgCl2, 2.5units AmpliTaq Gold DNA 
Polymerase, 10µg non-acetylated bovine serum albumin and (0.08-0.80) µM primers.  
 
 2.4.2 Primers 
  Information on the Y-STR markers was obtained from Genbank 
(www.ncbi.nlm.nih.gov/Genbank/) and includes the forward and reverse primers, the accession 
numbers for each locus and the repeat motif. The forward or reverse primer at each locus was 
labeled with a fluorescent phoshporamidite dye. For Multiplex I, the following primer 
concentrations were used: [DYS393 – 0.55µΜ], [DYS392 – 1.0µM], [DYS391 – 0.065µM], 
[DYS389 – 0.15µM], [Y-GATA A7.2 – 0.10µM], [DYS438 – 0.15µM] and [DYS385 – 1.0µM]. 
For multiplex II, concentrations for the forward and reverse primers were as follows: [DYS425 – 
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0.09µΜ], [DYS388 – 0.15µM], [DYS390 – 0.10µM], [DYS439 – 0.065µM], [DYS434 – 
0.065µM], [DYS437 – 0.035µM] and [Y-GATA C4 – 0.0426µM], [Y-GATA A7.1 – 0.07µM], 
[Y-GATA H4 – 0.09µM] and [DYS19 – 0.50µM]. For MPIII the concentrations for the forward 
and reverse primers were as follows: [DYS426 – 0.10µΜ], [DYS436 – 0.08µM], [DYS462 – 
0.20µM], [DYS441 – 0.24µM], [YAP – 0.80µM], [Y-GATA A10 – 0.24µM] and [DYS446 – 
0.24µM], [DYS435 – 0.10µM] and [DYS442 – 0.24µM].  
 For each multiplex system a master mix was prepared combing all primers in one mix. 
This mix was aliquoted into 1.5mL microcentrifuge tubes with enough mix for 26 PCR reactions. 
The mix was stored at -200C until needed. Before dispensing into the amplification tubes the mix 
was thawed to room temperature. The mix was then heated to 950C for 3 minutes and snap-
cooled on ice for 3 minutes. From this mix, the desired volume specific to each multiplex system 
was added directly to the sample with the necessary PCR components.  
 
 2.4.3 Thermal Cycling Parameters for PCR 
 
Multiplex I    
                       
 Initial incubation     950 C for 11 minutes 
 Thermal Cycling (35cycles) 
        (2 cycles) 
  Denature     960 C for 30 seconds 
  Anneal     620 C for 1 minute 
  Extend     720 C for 1 minute 
         (2 cycles) 
  Denature     960 C for 30 seconds 
  Anneal     600 C for 1 minute 
  Extend     720 C for 1 minute 
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         (31 cycles) 
  Denature     960 C for 30 seconds 
  Anneal     580 C for 1 minute 
  Extend     720 C for 1 minute 
Final extension     720 C for 45 minute 
Final soak        40 C forever  
 
 
Multiplex II  
                
 Initial incubation     950 C for 11 minutes 
 Thermal Cycling (34cycles) 
        (2 cycles) 
  Denature     960 C for 30 seconds 
  Anneal     620 C for 45 seconds 
  Extend     720 C for 1 minute 
         (2 cycles) 
  Denature     960 C for 30 seconds 
  Anneal     600 C for 45 seconds 
  Extend     720 C for 1 minute 
         (30 cycles) 
  Denature     960 C for 30 seconds 
  Anneal     580 C for 45 seconds 
  Extend     720 C for 1 minute 
 Final extension     720 C for 45 minute 
Final soak        40 C forever  
 
 
Multiplex III  
 
 Initial incubation     950 C for 11 minutes 
 Thermal Cycling (32cycles) 
  Denature     960 C for 30 seconds 
  Anneal     590 C for 1 minute 
  Extend     720 C for 45 minute 
 Final extension     720 C for 45 minute 
Final soak        40 C forever  
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2.5 ProfilerTM 
 Autosomal analysis using a STR system, AmpFlSTR® Profiler Amplification Kit 
(Applied Biosystems) was used when necessary to confirm or exclude the possibility of 
duplicated samples. All DNA samples were amplified according to the manufacturer’s 
instructions.  
 
2.6 PCR Product Detection Using Capillary Electrophoresis 
The samples were analyzed using the ABI Prism 310 Genetic analyzer capillary 
electrophoresis system for short tandem repeat STR typing (Applied Biosystems, Foster City, 
CA). The amplified products were prepared by combining 1.5µl of PCR product with 24µl Hi-Di 
formamide containing 1.0µl GeneScan GS500 [TAMRA] Size Standard in a 0.5ml Genetic 
Analyzer tube (Applied Biosystems). The samples were denatured on a heat block at 950C for 3 
minutes and snap cooled on ice for 3 minutes. The samples were then placed in the 48-well tray 
and inserted into the ABI Prism 310. Samples were injected using Module C (5s injection, 15kV, 
600C), and subjected to laser induced fluorescence. The samples were then analyzed with 
Genescan Analysis v3.7 software, Filter Set C (Applied Biosystems).  
 
2.7 Precision 
 Precision studies were performed on Multiplex I, Multiplex II and Multiplex III.  
Population samples that included 100 African Americans and 100 Caucasians were amplified 
and typed with each of the multiplex systems. The samples were grouped according to similar 
base pair sizes.  The resulting distribution of sizes in base pairs was graphed to show the 
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precision of each Y-STR locus. Alleles were then characterized as ‘clusters’ or groups of similar 
size accurately distinguishing fragments within each allele cluster differing by one base pair. 
From this data, the allele mean was calculated by taking the average of the base pair sizes 
observed for each cluster of a given locus. The standard deviation for each cluster was calculated 
by taking the square root of the variance.  In addition, the size of the repeat unit was determined 
by calculating the difference in allele means for each observed allele cluster of a given locus.  
 
2.8 Allele Ranges 
 The allelic ranges were calculated for each locus in the three Multiplex systems. The 
allele mean obtained from precision studies was then used to calculate the allele ranges within 
(+/-) three standard deviations. Alleles that were not present within the allelic ranges were 
considered off-ladder products (OL Alleles) or microvariant alleles. Microvariant alleles differ 
from the true nucleotide repeat by a few bases. The designation for microvariant alleles included 
the number of complete repeats followed by a decimal point and the number of bases in the 
incomplete repeat. The amplification process was repeated to confirm the designation of the off- 
ladder alleles. For samples representing multi-allelic (ML Alleles) characteristics or two alleles 
at a single locus both falling within allelic ranges include each repeat unit separated by a comma. 
It is also possible for Y-STR markers to have allele drop out or exhibit null alleles for a 
particular locus due to mutations or primer hybridization issues. This results, in the absence of an 
allele for a particular locus, therefore a repeat unit designation is not possible for typing results. 
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2.9 Allele Calibration  
 A comprehensive evaluation of the data at each locus was carried out to determine the 
number of alleles, the size in base pairs of each allele, and the precision of measurement 
(standard deviation from the measured mean allele size). Once this was completed, the loci were 
calibrated using nominal designations accomplished by converting the allele sizes to the number 
of repeats of the core consensus sequence, with the 1st grouping or cluster given the designation 
‘allele 1’.   
 
 2.9.1 Comparison to Standard Reference Materials 
 The Standard Reference Materials (SRM 2395) provided by National Institute of 
Standards and Technology (NIST) were subsequently used to calibrate 15 out of the 19 Y-STR 
loci from Multiplex I and Multiplex II. In addition, a SWGDAM Interlaboratory study was 
conducted among various laboratories in which 60 samples were typed (20 Caucasians, 20 
African Americans and 20 South West Hispanics) for standardization of the alleles.  
 
 2.9.2 Sequencing 
 There were four loci from Multiplex I and Multiplex II that required sequencing. These 
loci include Y-GATA A7.2, DYS425, DYS434, Y-GATA C4 and a positive control DYS393. 
The most common alleles specific to these loci were sequenced. The samples were sent to a 
DNA sequencing company GENEWIZ, Inc. (North Brunswick, NJ). The sequencing primers 
used were unlabeled HPLC purified primers at a concentration of 5µM.  The amount of template 
required for PCR products was 30ng. These conditions were necessary prior to submission. The 
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results were analyzed using sequencing analysis software and primer assembly software 
provided by the company in which complete sequences for each locus were obtained.  
 Before the sequencing process, individual alleles from the singleplex PCR amplification 
were purified using ExoSAP-IT® (USB, Cleveland, OH).  ExoSAP-IT® utilizes two hydrolytic 
enzymes, exonuclease and shrimp alkaline phosphatase. Together these enzymes remove 
unincorporated dNTPs and primers remaining in the PCR reaction that may interfere with the 
sequencing reactions. ExoSAP-IT® was added directly to the PCR products. ExoSAP-IT® was 
added proportionally, with 2µl of solution added for every 5µl of PCR product. The amplified 
products were incubated at 370C for 15 minutes to activate treatment of the enzymes. ExoSAP-
IT® was then inactivated by heating to 800C for 15 minutes. A GeneAmp PCR System 9700 
thermocycler was used for the incubation and heating process for best results. After, the clean-up 
process the PCR products were suitable for DNA sequencing. 
 
 2.9.3 Allele Nomenclature  
 According the recommendations of the DNA Commission of the International Society for 
Forensic Genetics (ISFG), the number of variable repeats is used to designate the various Y-STR 
alleles (Gill 2001). Reference sequence information and allele nomenclature for the Y-STR loci 
were obtained from STRBase (www.cstl.nist.gov/biotech/strbase). However, the allele 
nomenclature for markers Y-GATA A7.2, DYS434 and Y-GATA C4 included the proposed 
repeat structure recommended by Gusmao et al (Gusmao 2002). The results obtained from 
sequencing analysis were compared to the nomenclature defined by the previous studies for the 
calibration of these markers.  
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2.10 Construction of Allelic Ladders 
DNA samples from the Y-STR Database maintained at the National Center for Forensic 
Science (NCFS) were used to construct allelic ladders for Multiplex I and Multiplex II. The 
DNA samples chosen represent the alleles observed for each locus and were amplified using 
singleplex PCR. The allelic ladders were then generated by combining the various alleles 
specific to each locus. The amplified products were analyzed on the ABI Prism 310 Genetic 
Analyzer (Applied Biosystems). From the results, various proportions of the amplified products 
were used so that the peak heights (RFUs) would be relatively equal amongst alleles in the 
ladder.  The loci were then combined to form allelic ladders for each individual channel (FAM- 
blue, TET- green and HEX- yellow) represented in Multiplex I and Multiplex II systems.  
 
2.11 Statistical Analysis 
 
 2.11.1 Allele Frequencies 
 The frequency of each allele was obtained from three ethnic populations: African 
Americans, Caucasians and Hispanics. The allelic frequencies for each Y-STR locus were 
calculated by a simple counting method of the observed typing results in the database.  
Subsequently, for each Y-STR locus there were various alleles with different distributions 
observed in each population group. Therefore, the number of occurrences of each allele was 
divided by the number (n) of samples used in the population study for each Y-STR locus. The 
allele frequencies were then graphed against the number of variable repeats specific to each locus 
to obtain the distribution of allele frequencies in the various ethnic populations. 
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 2.11.2 Single Locus Haplotype Diversity Values 
 For each Y-STR marker, gene diversity values were determined and ranked in ascending 
order by the degree of polymorphism exhibited for each ethnic group. Gene diversity was 
calculated according to the formula D= (n/n-1) (1-Σpi2), where (n) is the sample size and (pi) is 
the allelic frequency of the ith allele for each locus in each population group.  
 
 2.11.3 Discriminatory Capacity 
 Combining the allelic markers and observing the number of common and different 
haplotypes allowed for determination of the power of discrimination across the loci. The 
discriminatory capacity for each population was determined by dividing the number of different 
haplotypes observed by the total number of samples analyzed in that population. A common 
haplotype seen more than once in the database was computed by dividing the number of the most 
frequent haplotype observed by the total number of individuals represented in that population 
group. Also, the number of haplotypes seen only once in a given population was calculated in 
defining unique haplotypes.  
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CHAPTER 3. RESULTS AND DISCUSSION 
 
3.1 Characteristics of Multiplex Systems  
 In Multiplex I (Figure 1), there are 9 markers ranging in size from approximately 100 - 
400 base pairs (Hall 2003). The Y-STR loci included in this multiplex are as follows: DYS393, 
DYS392, DYS391, DYS389I/II, Y-GATA A7.2, DYS438 and DYS385. In Multiplex I, there are 
two loci that amplify two alleles each. One bilocal locus in MPI is DYS389 and can be resolved 
into two distinct non-overlapping alleles designated as DYS389I and DYS389II. Another bilocal 
locus in MPI is DYS385 which is not resolved into two alleles because their size ranges overlap. 
Therefore, DYS385 is referred to as DYS385 (a) and DYS385 (b), an indication for size, not 
location, on the chromosome. The characteristics for these markers are shown in Table 1.  
 Multiplex II, is comprised of 10 markers. The Y-STR loci in this multiplex system range 
in size from approximately 100 - 300 base pairs (Hall 2003).  The markers incorporated in this 
multiplex system are DYS425, DYS388, DYS390, DYS439, DYS434, DYS437, Y-GATA C4, 
Y-GATA A7.1, DYS438 and DYS19. In the MPII, reaction, these loci were co-amplified, 
separated by capillary electrophoresis and shown in Figure 2. General locus information on these 
markers is included in Table 2. 
 Multiplex III (Figure 3), comprises 8 Y-STR markers and one InDel marker ranging in 
size from approximately 80 - 450 base pairs (Hanson 2003).  The loci include DYS426, 
DYS436, DYS462, DYS441, Y-GATA A10, DYS446, DYS435, DYS442 and the indel marker 
(YAP or DYS287) consisting of the presence or absence of an Alu element insertion. The 
characteristics for these markers are shown in Table 3.  
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3.2 Allele Nomenclature 
 As previously described, sequence analysis was performed on markers DYS425, 
DYS434, Y-GATA A7.2 and Y-GATA C4 to determine the number of repetitive motifs in the 
sequences since information on these markers is not currently available. The results obtained 
from this work were compared to the nomenclature defined by the previous studies (Gusmao 
2002). For Y-GATA A7.2, a simple repeat motif TAGA was described by Gonzalez-Neira et al 
(Gonzalez-Neira 2001). Although, the motif can be named according to the number of TAGA 
repeats, it was found that there is a CAGA unit in the consensus structure. Consequently, the 
alleles were named according to the number of (TAGA) (CAGA) units. For DYS434, most 
samples sequenced show there are two TAAT units, but only one TAAT unit has been referenced 
in the consensus structure by Hou et al (Hou 2001). Therefore, alleles for this locus were named 
according to the total number of TAAT and CTAT units, and this motif was confirmed by 
sequencing analysis. For Y-GATA C4, the repeat motif is a complex structure. Sequence 
analysis shows allele nomenclature for this locus to be 
(TCTA)4(TGTA)2(TCTA)2(TGTA)2(TCTA)2(TGTA)0,2 (TCTA)n. Therefore, the alleles were 
designated by the total number of (TCTA) and (TGTA) units. The newly defined allele 
nomenclature described for these markers was used in calibrating the various alleles observed for 
these systems. 
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       Table 1. Multiplex I Characteristics. 
Locus Repeat Motif
Primer 
Concentration
(µM)
GeneBank
Accession #
Primer Sequences
With Labled Dyes
DYS393 AGAT 0.055 AC006152
 
FFAM: GTGGTCTTCTACTTGTGTCAATAC
R:        AACTCAAGTCCAAAAAATGAGG
DYS392 TAT 1.0 AC011745
 
FFAM:  TCATTAATCTAGCTTTTAAAAACAA
R:         AGACCCAGTTGATGCAATGT
DYS391 TCTA 0.065 AC011302
FFAM:  CTATTCATTCAATCATACACCCA
R:        GATTCTTTGTGGTGGGTCTG
DYS389I [TCTG]q[TCTA]r 0.15 AC004617
FTET:  CCAACTCTCATCTGTATTATCTATG
R:        TCTTATCTCCACCCACCAGA
DYS389II
[TAGA]r[CAGA]q[TAGA]
p[CAGA]n 0.15 AC004617 Bilocal:same seq as DYS3891
Y-GATA A7.2  [TAGA]n[CAGA]1 0.10 AC009235
FHEX: AGGCAGAGGATAGATGATATGGAT
R:       TTCAGGTAAATCTGTCCAGTAGTGA
DYS438 TTTTC 0.15 AC002531
F:       TGGGGAATAGTTGAACGGTAA
RHEX: GTGGCAGACGCCTATAATCC
DYS385 GAAA 1.00 AC022486
FHEX: GGAAGGAGAAAGAAAGTAAAA
R:       TAGGTAAAGCTGGTAAGGG
DYS385b GAAA 1.00 AC022486 Bilocal:same seq as DYS385a  
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DYS393
DYS391DYS392
DYS389II
DYS389I
DYS385
Y-GATA A7.2 DYS438
 
Figure 1. Multiplex I. Electropherogram representing nine Y-chromosome STR loci that have been amplified and detected using ABI 
310 capillary electrophoresis system. The x-axis shows the allele size in base pairs. The y-axis exhibits the peak height in relative 
fluorescence units (RFU). Listed above each peak is the corresponding locus represented by that allele. 
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      Table 2. Multiplex II Characteristics. 
Locus Repeat Motif
Primer 
Concentration
(µM)
GeneBank
Accession #
Primer Sequences
With Labled Dyes
DYS425 ACA 0.15 AC068601
FFAM: TGGAGAGAAGAAGAGAGAAAT
R:        AGTAATTCTGGAGGTAAAATGG
DYS388 ATT 0.10 AC004810
FFAM: GTGAGTTAGCCGTTTAGCGA
R:        CAGATCGCAACCACTGCG
DYS390
[TCTA]q [TCTG]p
[TCTA]m[TCTG]n 0.09 G09611
F:        TATATTTTACACATTTTTGGGCC
RFAM: TGACAGTAAAATGAACACATTGC
DYS439 GATA 0.065 AC002992
FFAM: TCCTGAATGGTACTTCCTAGGTTT
R:        GCCTGGCTTGGAATTCTTT
DYS434 [TAAT]2[CTAT]n 0.035 AC002993
FTET:  CACTCCCTGAGTGCTGGATT
R:        GGAGATGAATGAATGGATGGA
DYS437 [TCTA]n[TCTG]2[TCTA]4 0.065 AC002994
FTET:  GACTATGGGCGTGAGTGCAT
R:        AGACCCTGTCATTCACAGATGA
Y-GATA C4
[TCTA]4[TGTA]2[TCTA]2[TGTA]2
[TCTA]2[TGTA]0,2[TCTA]n 0.043 AC002995
FTET: AGTGTCTCACTTCAAGCACCAAGCAC
R:    GCAGCAAAATTCACAGTTGGAAAAATGT
Y-GATA A7.1 ATAG 0.07 AC002996
F:        GAGGAATCTGACACCTCTGACA
RHEX:  TCCATATCATCTATCCTCTGCCTA
Y-GATA H4 TCTA 0.09 AC002997
FHEX:  ATGCTGAGGAGAATTTCCAA
R:        CTATTCATCCATCTAATCTATCCATT
DYS19 [TAGA]mTAGG[TAGG]n 0.50 AC002998
F:         ATGACTACTGAGTTTCTGTT
RHEX:  CACCTGGAAATAGTGG
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DYS388
DYS390
DYS439DYS425
DYS434
Y-GATA C4
DYS437
DYS19Y-GATA A7.1 
Y-GATA H4
 
Figure 2. Multiplex II. Electropherogram representing ten Y-chromosome STR loci that have been amplified and detected using ABI 
310 capillary electrophoresis system. The x-axis shows the allele size in base pairs. The y-axis exhibits the peak height in relative 
fluorescence units (RFU). Listed above each peak is the corresponding locus represented by that allele. 
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        Table 3. Multiplex III Characteristics. 
Locus Repeat Motif
Primer 
Concentration
 (µΜ)
Genebank
Accession #
Primer Sequences
With Labled Dyes
DYS 426 GTT 0.10
AC007034
FFAM: GGTGACAAGACGAGACTTTGTG                  
R:        CTCAAAGTATGAAAGCATGACCA 
DYS 436 GTT 0.08
AC005820
FFAM: CCAGGAGAGCACACACAAAA                         
R:        GCAATCCAACTTCAGCCAAT
DYS 462 GTAT 0.20
AC007244
FFAM: TGTGCTGTACCAGTTGCCTA                          
R:        CCAGCCTGAGCAAGAGAGTA
DYS 441 TATC 0.24
AC004474
FFAM: TCAAATTCTCAGGCATTGCAG                        
R:        CTAGGCAACACAGGAAAACCC
YAP YAP+/YAP- 0.80
AC010137
FTET:  AGGACTAGCAATAGCAGGGGAAGA               
R:        CAGGGCCAACTCCAACCAAG
Y-GATA-A10 GATA 0.24
AC011751
FTET:  ATAAATGGAGATAGTGGGTGGATT                
R:        CCTGCCATCTCTATTTATCTTGCATATA
DYS 446 TCTCT 0.24
AC006152
FTET:  TATTTTCAGTCTTGTCCTGTC                          
R:        GAGACTCTGTCTGAAGAGAG
DYS 435 TGGA 0.10
AC002992
FHEX:  AGCATGTCCACACAGCACAC                         
R:        TTCTCTCTCCCCCTCCTCTC
DYS 442 CCTT 0.24
AC004810
FHEX:  GTGCACCCATCTCCTTAGCAG                       
R:        AATCACGGAACCAACCCAAAC  
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 DYS436
DYS426
DYS441
DYS462
 
YAP (-) Y-GATA A10
 
DYS446
DYS435 DYS442
 
Figure 3. Multiplex III. Electropherogram representing ten Y-chromosome STR loci that have been amplified and detected using ABI 
310 capillary electrophoresis system. The x-axis shows the allele size in base pairs. The y-axis exhibits the peak height in relative 
fluorescence units (RFU). Listed above each peak is the corresponding locus represented by that allele.  
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3.3 Database Structure 
 The basic structure of the Y-STR Database was adapted from the Y-Chromosome 
Haplotype Reference Database for European Populations (www.ystr.org/europe; Roewer 2001). 
However, this database is limited to the 9 “minimal” and the 2 “extended core” haplotype loci, 
limiting its operational usefulness particularly in the development of new Y-STR multiplex 
systems. Thus, a large haplotype reference database comprising additional Y-STR markers from 
different populations is necessary to obtain match probabilities. The discriminatory capacity is 
higher with a greater number of combined Y-STR loci as compared to the minimal core loci and 
necessitates databases to be much larger in order to produce reliable frequency estimates. 
Therefore, a comprehensive Y-STR database maintained at the National Center of Forensic 
Science, Orlando, FL was constructed to include 49 Y-STR markers from a variety of 
geographically and ethically diverse populations essential to obtain reliable estimates of 
haplotype frequencies. 
 The philosophy behind the comprehensive database is to include all Y-STR systems 
likely to be used in casework an additionally to populate the database with individuals of 
different ethnic and geographic origins. Different crime laboratories throughout the United States 
were enlisted to obtain the necessary samples of various population groups (African American, 
Asians, Caucasians, Hispanics and Native Americans). As samples were received, enough DNA 
was extracted for continuous updating of haplotype data and stored until further use. Therefore, 
as new markers were developed the same samples were re-typed to produce an extended 
haplotype. Haplotype data of various ethnic populations were collected and entered into a 
Microsoft Excel XPTM spreadsheet which led to the construction of the Y-STR Database.  
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 Once this database is established in a web based format some general information that 
will be available will include the current status of the entire database and for the individual 
population groups. The most important feature will allow the user to obtain frequency estimates 
for single locus alleles as well as the minimal core haplotype loci. This will allow forensic 
scientists to estimate the frequency of obtaining a Y-STR haplotype profile using any 
combination of markers. The discriminatory capacity of novel individual loci or multiplex 
systems can also be evaluated. The Y-STR Database for U.S. populations will allow users to 
perform comparative population analysis and will operate as a valuable resource in generating 
haplotype data.   
 
 3.3.1 Quality Control 
 A quality control test is required before participating laboratories can enter haplotype 
data into a reference database. This ensures accurate Y-STR genotyping of an approved standard 
nomenclature. The Institute of Legal Medicine, Humboldt-University (Berlin, Germany) 
provided the quality control test which involved four known DNA samples and blind 
haplotyping of five DNA samples using the minimal haplotype loci for the standardization of 
allele designations. The results were typed according to published nomenclature for Y-STR 
analysis. The quality control test was successfully completed and individual haplotypes were 
logged into the database maintained at the National Center for Forensic Science, Orlando, 
Florida.  
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 3.3.2 Data Entry 
 The loci in the database include the 9 minimal core and extended core (438 and 439) 
haplotype loci plus 17 additional loci comprising a total of 28 Y-STR markers : (DYS19, 
DYS385a, DYS385b, DYS388, DYS389I, DYS389II, DYS390, DYS391, DYS392, DYS393, 
DYS425, DYS426, DYS434, DYS435, DYS436, DYS437, DYS438, DYS439, DYS441, 
DYS442, DYS446, DYS462, YAP, Y-GATA-A7.1, Y-GATA-A7.2, Y-GATA A10, Y-GATA 
C4 and Y-GATA-H4). The Multiplex systems previously described were used to generate 
population data. From these results, haplotype data from various ethnic populations were 
collected and entered into the database spreadsheet. The information stored in the database 
consists of the regional geographic characterization (State) from which the samples were 
obtained, the agency identification number given by the provider, and the major U.S. population 
group (African American, Caucasian, Hispanics, Native Americans and Asians). The date the 
samples were received was recorded and an identification number was assigned by NCFS. The 
data entry included results for all 28 Y-STR loci represented in base pairs displayed horizontally 
across the spreadsheet. A representation of how the Y-STR database was organized is shown in 
Table 4 and continued in Table 5. Data entry in base pairs was then converted to repeat units for 
all loci and individual haplotypes were constructed (Table 6 and Table 7).  
 For samples representing microvariant alleles, null alleles or multi-allelic patterns 
designations were made using the methods previously described, and entered into the database 
accordingly. The correct typing and sizing of alleles was ensured through administrative and peer 
review of the data.  
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Table 4. Y-STR Database. Data entry includes results for 19 Y-STR loci in base pairs. 
Stain Y-  
 
State I.D
Number
Race Female/
Male
Tissue
Source
/
Extract
Agency 
Ref.
Date Of
Receipt
DYS
393
DYS
392
DYS
391
DYS
389I
DYS
389II
GATA
A7.2
DYS
438
DYS
385a
DYS
385b
DYS
425
DYS
388
DYS
390
DYS
439
DYS
434
DYS
437
Y-  
GATA
C4
Y-  
GATA
A7.1
Y-  
GATA
H4
DYS
19
VA 0130 White Male Blood Stain 20120679 12/3/01 121.0 254.1 286.1 252.7 374.6 182.2 227.2 282.3 298.0 105.1 126.3 212.8 251.3 110.8 189.2 262.8 108.9 135.4 238.9
VA 0131 White Male Blood Stain 20120682 12/3/01 125.0 248.0 282.0 248.6 366.9 182.1 217.7 286.3 298.0 105.0 132.4 204.7 243.2 110.8 193.1 250.5 112.7 127.3 238.8
VA 0132 White Male Blood Stain 20120685 12/3/01 120.9 247.9 281.9 248.5 366.8 182.2 217.6 290.2 290.2 105.1 132.5 204.7 243.1 110.9 189.3 254.7 109.0 135.6 243.0
VA 0133 White Male Blood Stain 20120710 12/3/01 121.0 260.1 281.8 252.5 370.5 182.2 227.1 282.3 290.0 105.2 126.4 212.7 243.2 111.0 189.2 262.8 113.0 135.6 238.9
VA 0134 White Male Blood Stain 20121024 12/3/01 117.1 248.0 282.0 256.7 366.8 186.2 213.0 290.1 290.1 105.1 141.9 204.7 239.1 110.9 193.2 258.7 109.0 131.4 239.0
VA 0135 White Male Blood Stain 20120880 12/3/01 120.9 253.9 285.9 252.4 370.6 186.0 227.1 282.3 294.0 105.3 126.5 212.7 243.3 111.0 189.4 262.9 113.0 135.5 238.9
VA 0136 White Male Blood Stain 20120884 12/3/01 121.0 253.9 281.8 252.5 374.4 182.1 227.2 282.3 294.1 105.1 126.4 212.7 247.1 110.9 189.3 262.7 112.9 135.5 238.8
VA 0137 White Male Blood Stain 20121048 12/3/01 120.9 247.8 281.8 252.5 374.4 178.2 222.4 282.3 290.2 104.9 126.1 216.7 239.2 110.5 185.3 262.7 112.5 135.4 242.8
VA 0138 White Male Blood Stain 20121030 12/3/01 120.9 247.8 286.0 252.6 374.4 178.1 222.3 278.5 294.1 105.1 126.3 216.7 239.2 110.8 185.2 266.9 112.8 139.5 242.8
VA 0139 White Male Blood Stain 20120903 12/3/01 120.9 247.9 281.8 252.5 374.5 178.1 222.4 282.3 294.1 105.2 126.3 216.6 239.1 110.9 185.3 262.8 109.0 131.4 238.8
VA 0140 White Male Blood Stain 20120887 12/3/01 120.8 250.8 281.8 248.5 366.7 189.9 217.6 282.3 301.9 105.2 126.5 208.7 243.2 111.0 189.2 258.7 105.1 135.6 242.9
VA 0141 White Male Blood Stain 20120897 12/3/01 120.9 253.9 281.7 252.5 374.6 182.0 227.1 282.3 294.1 105.2 126.5 212.7 251.2 111.0 189.3 266.9 113.0 139.7 238.8
VA 0142 White Male Blood Stain 20120899 12/3/01 120.8 247.9 281.8 248.4 370.5 182.1 217.6 286.3 294.1 105.2 129.5 208.7 243.1 111.0 189.3 266.8 109.0 131.5 243.0
VA 0143 White Male Blood Stain 20120872 12/3/01 120.9 253.9 285.9 252.6 370.6 186.0 227.3 282.3 294.1 105.1 126.4 212.7 247.3 107.0 185.4 262.9 112.9 135.5 242.9
VA 0144 White Male Blood Stain 20120883 12/3/01 120.8 254.0 281.8 252.6 370.5 186.1 227.2 282.4 294.1 105.1 126.4 212.7 247.2 107.0 189.3 262.8 113.0 135.5 238.8
VA 0145 White Male Blood Stain 20120882 12/3/01 124.9 250.9 281.8 256.6 382.2 178.1 217.6 294.1 298.0 105.1 129.5 204.8 243.1 111.0 185.4 258.7 113.0 135.6 242.9
VA 0146 White Male Blood Stain 20120898 12/3/01 120.8 247.9 281.8 248.5 366.6 178.2 217.6 290.2 294.1 105.1 132.6 204.8 243.2 110.9 193.3 254.7 109.0 131.6 238.9
VA 0147 White Male Blood Stain 20120651 12/3/01 120.9 253.9 286.0 252.5 374.4 182.1 227.1 282.4 294.0 105.2 126.4 212.9 243.3 110.9 189.3 262.9 113.0 135.6 239.0
VA 0148 White Male Blood Stain 20120662 12/3/01 120.9 254.0 281.9 252.6 370.6 182.1 227.2 282.4 290.2 105.3 126.5 212.7 247.2 111.0 189.3 262.9 113.0 135.5 238.9
VA 0149 White Male Blood Stain 20120671 12/3/01 120.9 254.0 281.9 252.6 370.5 186.0 227.2 282.4 290.2 105.2 126.3 212.8 239.0 110.9 189.3 266.9 108.9 135.5 238.9
VA 0150 White Male Blood Stain 20120672 12/3/01 120.9 248.1 281.8 248.2 366.8 182.1 217.7 294.1 294.1 105.2 135.5 204.8 243.3 111.0 193.2 254.7 109.0 131.5 239.0
VA 0151 White Male Blood Stain 20120864 12/3/01 120.8 251.0 281.9 256.6 374.5 182.2 227.2 278.5 298.0 105.2 126.4 212.8 247.3 111.0 189.3 262.8 113.0 135.5 238.8
VA 0152 White Male Blood Stain 20120859 12/3/01 120.8 253.9 281.9 252.6 374.5 178.2 227.2 282.3 294.1 105.2 126.5 212.8 247.3 111.0 189.3 275.1 117.1 139.8 239.0
VA 0153 White Male Blood Stain 20120853 12/3/01 120.9 254.0 286.0 248.6 366.7 182.2 227.2 282.4 294.1 105.2 126.4 212.8 243.3 111.0 189.3 262.9 117.0 135.6 238.9
VA 0154 White Male Blood Stain 20120852 12/3/01 120.9 257.1 286.0 248.6 370.5 182.2 217.6 290.2 290.2 0,105.1 126.4 208.8 243.1 111.0 185.5 246.7 109.0 139.8 243.0
VA 0155 White Male Blood Stain 20120819 12/3/01 120.9 247.9 281.9 252.6 370.6 182.1 217.7 290.2 294.2 105.2 129.5 204.8 247.3 111.0 193.2 258.8 105.1 131.5 238.9
VA 0156 White Male Blood Stain 20120798 12/3/01 121.0 254.0 285.9 252.6 370.5 182.1 227.2 282.4 294.0 105.2 126.3 216.8 243.4 110.9 189.3 263.0 112.9 135.6 239.0
VA 0157 White Male Blood Stain 20120771 12/3/01 121.0 254.0 285.9 252.6 370.6 186.1 227.2 282.3 294.0 105.2 126.4 208.8 247.2 111.0 189.3 262.9 113.0 131.5 238.8
VA 0158 White Male Blood Stain 20120770 12/3/01 120.9 253.9 285.9 252.5 370.5 182.1 227.1 282.3 294.0 105.2 126.5 208.8 247.3 111.0 189.3 262.9 113.1 131.6 242.9
VA 0159 White Male Blood Stain 20120614 12/3/01 120.9 248.1 282.1 256.9 370.8 178.3 222.5 286.4 286.4 105.0 129.0 208.8 243.4 110.6 189.4 254.9 108.7 135.4 243.1
VA 0160 White Male Blood Stain 20120641 12/3/01 120.8 254.2 286.1 252.8 370.8 182.2 227.3 282.6 294.2 105.1 126.4 208.7 243.2 110.9 189.3 262.8 112.9 131.5 238.8
VA 0161 White Male Blood Stain 20120765 12/3/01 120.9 248.0 282.1 252.7 370.8 182.2 217.7 286.4 298.1 105.1 135.6 208.8 247.2 114.9 185.3 254.7 108.9 131.5 242.9
VA 0162 White Male Blood Stain 20120763 12/3/01 120.9 254.1 286.0 252.7 370.7 182.1 227.2 282.6 294.2 105.1 126.4 208.8 247.3 111.0 189.3 262.9 113.0 135.6 238.9
VA 0163 White Male Blood Stain 20120941 12/3/01 120.9 250.9 286.1 252.6 366.8 178.1 227.3 282.5 294.2 105.2 126.5 208.8 247.3 111.0 189.3 262.9 113.0 131.5 238.9
VA 0164 White Male Blood Stain 20121210 12/3/01 120.8 254.0 286.0 252.6 370.7 182.2 227.2 282.4 294.1 105.2 126.4 220.7 247.2 110.9 189.2 262.8 112.9 135.6 238.8
VA 0165 White Male Blood Stain 20121065 12/3/01 120.8 247.9 282.0 244.5 362.8 182.1 217.6 282.5 294.2 105.1 132.5 204.7 243.2 110.9 193.1 262.8 108.9 131.4 238.9
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      Table 5. Y-STR Database. Data entry includes results for 9 Y-STR loci in base pairs. 
Female
 
State I.D
Number
Race /
Male
Tissue
Source
Stain/Extract Agency 
Reference
Date Of
Receipt
DYS 426 DYS 436 DYS 462 DYS 441 YAP Y-GATA  
A10
DYS 446 DYS 435 DYS 442
VA 0130 W hite Male Blood Stain 20120679 12/3/01 91.4 132.3 182.0 342.7 84.6 166.3 110.1 217.2 398.5
VA 0131 W hite Male Blood Stain 20120682 12/3/01 88.4 132.5 186.1 354.7 84.5 166.5 115.2 217.2 402.6
VA 0132 W hite Male Blood Stain 20120685 12/3/01 88.3 132.3 186.0 354.7 84.6 166.4 110.2 217.2 402.6
VA 0133 W hite Male Blood Stain 20120710 12/3/01 91.4 132.4 182.1 342.7 84.6 166.5 120.3 217.2 398.5
VA 0134 W hite Male Blood Stain 20121024 12/3/01 88.4 132.3 181.9 346.7 84.5 162.2 105.2 217.1 394.8
VA 0135 W hite Male Blood Stain 20120880 12/3/01 91.4 132.5 182.1 346.7 84.5 166.4 115.1 217.1 402.6
VA 0136 W hite Male Blood Stain 20120884 12/3/01 91.3 132.2 181.9 342.7 84.5 162.2 110.1 217.1 398.6
VA 0137 W hite Male Blood Stain 20121048 12/3/01 91.4 132.5 182.0 342.7 84.5 166.5 110.2 217.2 394.8
VA 0138 W hite Male Blood Stain 20121030 12/3/01 91.4 132.5 182.0 346.9 84.5 166.4 105.3 217.1 398.6
VA 0139 W hite Male Blood Stain 20120903 12/3/01 91.3 132.5 185.9 342.8 84.5 166.3 105.2 217.1 406.7
VA 0140 W hite Male Blood Stain 20120887 12/3/01 88.3 132.4 186.1 354.6 84.4 166.4 110.1 217.1 398.6
VA 0141 W hite Male Blood Stain 20120897 12/3/01 91.3 132.4 182.0 342.6 84.4 166.4 110.1 217.2 398.6
VA 0142 W hite Male Blood Stain 20120899 12/3/01 88.3 132.4 186.0 350.7 84.4 166.4 94.8 217.2 398.6
VA 0143 W hite Male Blood Stain 20120872 12/3/01 91.3 132.4 186.0 342.6 84.4 170.4 110.2 217.0 394.7
VA 0144 W hite Male Blood Stain 20120883 12/3/01 91.4 132.4 182.0 342.7 84.5 162.2 110.2 217.2 398.7
VA 0145 W hite Male Blood Stain 20120882 12/3/01 88.3 132.5 186.1 342.7 84.3 162.3 100.2 217.2 402.6
VA 0146 W hite Male Blood Stain 20120898 12/3/01 88.3 132.4 185.9 358.6 84.4 166.3 110.1 217.1 398.7
VA 0147 W hite Male Blood Stain 20120651 12/3/01 91.3 132.5 182.1 342.7 84.6 166.4 110.2 217.2 398.5
VA 0148 W hite Male Blood Stain 20120662 12/3/01 91.3 132.2 182.0 342.7 84.5 162.3 105.1 217.1 398.6
VA 0149 W hite Male Blood Stain 20120671 12/3/01 91.3 132.5 182.0 342.8 84.7 162.4 110.1 217.1 394.7
VA 0150 W hite Male Blood Stain 20120672 12/3/01 88.3 132.4 186.0 354.8 84.6 166.4 110.2 217.2 398.6
VA 0151 W hite Male Blood Stain 20120864 12/3/01 91.3 132.4 182.1 342.8 84.6 166.4 110.2 217.3 398.7
VA 0152 W hite Male Blood Stain 20120859 12/3/01 91.4 132.4 182.1 342.8 84.5 162.3 115.3 217.1 398.6
VA 0153 W hite Male Blood Stain 20120853 12/3/01 91.3 132.4 182.1 342.8 84.6 162.3 105.2 217.1 398.6
VA 0154 W hite Male Blood Stain 20120852 12/3/01 88.2 132.2 186.0 362.4 84.5 166.4 110.1 221.1 394.5
VA 0155 W hite Male Blood Stain 20120819 12/3/01 88.4 132.2 185.9 354.7 84.7 166.4 115.1 217.0 398.5
VA 0156 W hite Male Blood Stain 20120798 12/3/01 91.5 132.5 181.9 342.6 84.6 162.2 115.2 217.1 398.6
VA 0157 W hite Male Blood Stain 20120771 12/3/01 91.4 132.5 181.9 342.7 84.6 166.4 120.1 217.1 402.6
VA 0158 W hite Male Blood Stain 20120770 12/3/01 91.2 132.4 181.9 342.7 84.4 166.4 110.1 217.0 394.7
VA 0159 W hite Male Blood Stain 20120614 12/3/01 88.3 132.4 186.1 350.7 84.4 166.5 115.2 217.1 398.5
VA 0160 W hite Male Blood Stain 20120641 12/3/01 91.3 132.4 182.1 342.7 84.4 166.4 115.1 217.1 398.7
VA 0161 W hite Male Blood Stain 20120765 12/3/01 88.2 132.4 185.9 354.7 84.4 166.4 100.3 217.1 394.8
VA 0162 W hite Male Blood Stain 20120763 12/3/01 91.4 132.3 181.9 342.7 84.6 166.4 115.0 217.1 402.6
VA 0163 W hite Male Blood Stain 20120941 12/3/01 91.3 132.5 182.0 342.7 84.4 166.4 110.1 217.1 398.7
VA 0164 W hite Male Blood Stain 20121210 12/3/01 91.4 132.2 182.1 342.7 84.6 166.4 110.0 217.2 398.6
VA 0165 W hite Male Blood Stain 20121065 12/3/01 88.4 132.3 185.9 354.6 84.6 166.3 115.0 217.0 398.6
VA 0166 W hite Male Blood Stain 20121125 12/3/01 91.3 132.4 182.0 342.7 84.4 166.4 110.1 217.2 398.7
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Table 6. Y-STR Haplotype Database. Data entry includes results for 19 Y-STR loci in repeat units. 
 
State I.D
Number
Race DYS
393
DYS
392
DYS
391
DYS
389I
DYS
389II
Y-  
GATA
A7.2
DYS
438
DYS
385
DYS
425
DYS
388
DYS
390
DYS
439
DYS
434
DYS
437
Y-  
GATA
C4
Y-  
GATA
A7.1
Y-   
GATA
H4
DYS
19
VA 0130 W hite 13 13 11 13 30 12 12 11 , 15 12 12 24 13 11 15 23 10 12 14
VA 0131 W hite 14 11 10 12 28 12 10 12 , 15 12 14 22 11 11 16 20 11 10 14
VA 0132 W hite 13 11 10 12 28 12 10 13 , 13 12 14 22 11 11 15 21 10 12 15
VA 0133 W hite 13 15 10 13 29 12 12 11 , 13 12 12 24 11 11 15 23 11 12 14
VA 0134 W hite 12 11 10 14 28 13 9 13 , 13 12 17 22 10 11 16 22 10 11 14
VA 0135 W hite 13 13 11 13 29 13 12 11 , 14 12 12 24 11 11 15 23 11 12 14
VA 0136 W hite 13 13 10 13 30 12 12 11 , 14 12 12 24 12 11 15 23 11 12 14
VA 0137 W hite 13 11 10 13 30 11 11 11 , 13 12 12 25 10 11 14 23 11 12 15
VA 0138 W hite 13 11 11 13 30 11 11 10 , 14 12 12 25 10 11 14 24 11 13 15
VA 0139 W hite 13 11 10 13 30 11 11 11 , 14 12 12 25 10 11 14 23 10 11 14
VA 0140 W hite 13 12 10 12 28 14 10 11 , 16 12 12 23 11 11 15 22 9 12 15
VA 0141 W hite 13 13 10 13 30 12 12 11 , 14 12 12 24 13 11 15 24 11 13 14
VA 0142 W hite 13 11 10 12 29 12 10 12 , 14 12 13 23 11 11 15 24 10 11 15
VA 0143 W hite 13 13 11 13 29 13 12 11 , 14 12 12 24 12 10 14 23 11 12 15
VA 0144 W hite 13 13 10 13 29 13 12 11 , 14 12 12 24 12 10 15 23 11 12 14
VA 0145 W hite 14 12 10 14 32 11 10 14 , 15 12 13 22 11 11 14 22 11 12 15
VA 0146 W hite 13 11 10 12 28 11 10 13 , 14 12 14 22 11 11 16 21 10 11 14
VA 0147 W hite 13 13 11 13 30 12 12 11 , 14 12 12 24 11 11 15 23 11 12 14
VA 0148 W hite 13 13 10 13 29 12 12 11 , 13 12 12 24 12 11 15 23 11 12 14
VA 0149 W hite 13 13 10 13 29 13 12 11 , 13 12 12 24 10 11 15 24 10 12 14
VA 0150 W hite 13 11 10 12 28 12 10 14 , 14 12 15 22 11 11 16 21 10 11 14
VA 0151 W hite 13 12 10 14 30 12 12 10 , 15 12 12 24 12 11 15 23 11 12 14
VA 0152 W hite 13 13 10 13 30 11 12 11 , 14 12 12 24 12 11 15 26 12 13 14
VA 0153 W hite 13 13 11 12 28 12 12 11 , 14 12 12 24 11 11 15 23 12 12 14
VA 0154 W hite 13 14 11 12 29 12 10 13 , 13 11 , 12 M L 12 23 11 11 14 19 10 13 15
VA 0155 W hite 13 11 10 13 29 12 10 13 , 14 12 13 22 12 11 16 22 9 11 14
VA 0156 W hite 13 13 11 13 29 12 12 11 , 14 12 12 25 11 11 15 23 11 12 14
VA 0157 W hite 13 13 11 13 29 13 12 11 , 14 12 12 23 12 11 15 23 11 11 14
VA 0158 W hite 13 13 11 13 29 12 12 11 , 14 12 12 23 12 11 15 23 11 11 15
VA 0159 W hite 13 11 10 14 29 11 11 12 , 12 12 13 23 11 11 15 21 10 12 15
VA 0160 W hite 13 13 11 13 29 12 12 11 , 14 12 12 23 11 11 15 23 11 11 14
VA 0161 W hite 13 11 10 13 29 12 10 12 , 15 12 15 23 12 12 14 21 10 11 15
VA 0162 W hite 13 13 11 13 29 12 12 11 , 14 12 12 23 12 11 15 23 11 12 14
VA 0163 W hite 13 12 11 13 28 11 12 11 , 14 12 12 23 12 11 15 23 11 11 14
VA 0164 W hite 13 13 11 13 29 12 12 11 , 14 12 12 26 12 11 15 23 11 12 14
VA 0165 W hite 13 11 10 11 27 12 10 11 , 14 12 14 22 11 11 16 23 10 11 14
VA 0166 W hite 13 13 10 13 29 12 12 11 , 13 12 12 23 12 11 15 23 11 11 14
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Table 7. Y-STR Haplotype Database. Data entry includes results for 9 Y-STR loci in repeat units. 
Female
 
State I.D
Number
Race /
M ale
T issue
Source
Stain/Extract Agency 
Reference
Date Of
Receipt
DYS 426 DYS 436 DYS 462 DYS 441 YAP Y-G ATA  
A10
DYS 446 DYS 435 DYS 442
VA 0130 W hite Male Blood Stain 20120679 12/3/01 12 3 4 2 1 5 5 2 5
VA 0131 W hite Male Blood Stain 20120682 12/3/01 11 3 5 5 1 5 6 2 6
VA 0132 W hite Male Blood Stain 20120685 12/3/01 11 3 5 5 1 5 5 2 6
VA 0133 W hite Male Blood Stain 20120710 12/3/01 12 3 4 2 1 5 7 2 5
VA 0134 W hite Male Blood Stain 20121024 12/3/01 11 3 4 3 1 4 4 2 4
VA 0135 W hite Male Blood Stain 20120880 12/3/01 12 3 4 3 1 5 6 2 6
VA 0136 W hite Male Blood Stain 20120884 12/3/01 12 3 4 2 1 4 5 2 5
VA 0137 W hite Male Blood Stain 20121048 12/3/01 12 3 4 2 1 5 5 2 4
VA 0138 W hite Male Blood Stain 20121030 12/3/01 12 3 4 3 1 5 4 2 5
VA 0139 W hite Male Blood Stain 20120903 12/3/01 12 3 5 2 1 5 4 2 7
VA 0140 W hite Male Blood Stain 20120887 12/3/01 11 3 5 5 1 5 5 2 5
VA 0141 W hite Male Blood Stain 20120897 12/3/01 12 3 4 2 1 5 5 2 5
VA 0142 W hite Male Blood Stain 20120899 12/3/01 11 3 5 4 1 5 2 2 5
VA 0143 W hite Male Blood Stain 20120872 12/3/01 12 3 5 2 1 6 5 2 4
VA 0144 W hite Male Blood Stain 20120883 12/3/01 12 3 4 2 1 4 5 2 5
VA 0145 W hite Male Blood Stain 20120882 12/3/01 11 3 5 2 1 4 3 2 6
VA 0146 W hite Male Blood Stain 20120898 12/3/01 11 3 5 6 1 5 5 2 5
VA 0147 W hite Male Blood Stain 20120651 12/3/01 12 3 4 2 1 5 5 2 5
VA 0148 W hite Male Blood Stain 20120662 12/3/01 12 3 4 2 1 4 4 2 5
VA 0149 W hite Male Blood Stain 20120671 12/3/01 12 3 4 2 1 4 5 2 4
VA 0150 W hite Male Blood Stain 20120672 12/3/01 11 3 5 5 1 5 5 2 5
VA 0151 W hite Male Blood Stain 20120864 12/3/01 12 3 4 2 1 5 5 2 5
VA 0152 W hite Male Blood Stain 20120859 12/3/01 12 3 4 2 1 4 6 2 5
VA 0153 W hite Male Blood Stain 20120853 12/3/01 12 3 4 2 1 4 4 2 5
VA 0154 W hite Male Blood Stain 20120852 12/3/01 11 3 5 7 1 5 5 3 4
VA 0155 W hite Male Blood Stain 20120819 12/3/01 11 3 5 5 1 5 6 2 5
VA 0156 W hite Male Blood Stain 20120798 12/3/01 12 3 4 2 1 4 6 2 5
VA 0157 W hite Male Blood Stain 20120771 12/3/01 12 3 4 2 1 5 7 2 6
VA 0158 W hite Male Blood Stain 20120770 12/3/01 12 3 4 2 1 5 5 2 4
VA 0159 W hite Male Blood Stain 20120614 12/3/01 11 3 5 4 1 5 6 2 5
VA 0160 W hite Male Blood Stain 20120641 12/3/01 12 3 4 2 1 5 6 2 5
VA 0161 W hite Male Blood Stain 20120765 12/3/01 11 3 5 5 1 5 3 2 4
VA 0162 W hite Male Blood Stain 20120763 12/3/01 12 3 4 2 1 5 6 2 6
VA 0163 W hite Male Blood Stain 20120941 12/3/01 12 3 4 2 1 5 5 2 5
VA 0164 W hite Male Blood Stain 20121210 12/3/01 12 3 4 2 1 5 5 2 5
VA 0165 W hite Male Blood Stain 20121065 12/3/01 11 3 5 5 1 5 6 2 5
VA 0166 W hite Male Blood Stain 20121125 12/3/01 12 3 4 2 1 5 5 2 5
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3.4 Precision and Calibration  
 A comprehensive evaluation of the data at 28 Y-STR loci for Multiplex I, Multiplex II 
and Multiplex III, was carried out to determine the number of alleles for each locus and the size 
(in base pairs) of each allele. In addition, the precision of measurement (the standard deviation 
from the measured mean allele size) was assessed for each locus. These loci include DYS19, 
DYS385a, DYS385b, DYS388, DYS389I, DYS389II, DYS390, DYS391, DYS392, DYS393, 
DYS425, DYS426, DYS434, DYS435, DYS436, DYS437, DYS438, DYS439, DYS441, 
DYS442, DYS446, DYS462, YAP, Y-GATA-A7.1, Y-GATA-A7.2, Y-GATA A10, Y-GATA 
C4 and Y-GATA-H4. 
 For precision studies, a mixed population of 200 samples consisting of 100 African 
American and 100 Caucasians were used to illustrate the allele distribution for 28 Y-STR 
markers. Data from the Y-STR Database was sorted and samples of similar size were pooled 
together to show the number of alleles for each particular locus. The alleles represented in each 
locus were graphed against the number of occurrences in the mixed population. This showed the 
precision of the method and characterized the alleles as clusters of similar size. From this data, 
allele mean, allele mean difference, standard deviation and allele size ranges were determined.  
 The loci were then calibrated by either Standard Reference Materials (2395) or 
sequencing analysis described previously. All 19 loci from Multiplex I and Multiplex II were 
calibrated accordingly. Multiplex III, containing 9 markers, has recently been incorporated into 
the database and these loci are in the process of being calibrated.  
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 3.4.1 DYS19 
 For locus DYS19, 100 African Americans and 100 Caucasians samples were used for 
precision studies. The samples were grouped according to similar base pair sizes.  The resulting 
distribution of size in base pairs was graphed to show the precision of this locus (Figure 4). The 
graph displayed a tight distribution among the various groups. In addition, this locus was found 
to exhibit five clusters or alleles. The allele mean, standard deviation and allele ranges were 
calculated and shown in Table 8. The difference in allele means was determined to be 4.0, 
indicating this locus to have a four base pair repeat unit [TAGA]. The average standard deviation 
was calculated to be 0.11.  Based on this calculation, (+/-) 3 standard deviations was used to 
determine the lower and upper allele limits. The maximum allele range for this locus was 
determined to be from 234.3-251.2 base pairs. The Standard Reference Materials (2395) 
confirmed the calibration of this locus.  
 
     Table 8. Allele Distribution for DYS19. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation 
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 13 234.7   5   234.3 235.0 
Allele 14 238.8  4.0  97 0.12 238.5 239.1 
Allele 15 242.9 4.0 58 0.11 242.5 243.2 
Allele 16 246.9 4.0 25 0.10 246.6 247.2 
Allele 17 250.9 4.0 14 0.10 250.6 251.2 
 
  
 The allele frequencies for DYS19 were measured in three population groups: 100 African 
Americans, 99 Caucasians and 99 Hispanics. One sample in the Caucasian population was found 
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to be multi-allelic at this locus and was not included in the frequency calculations. In the African 
American population alleles 13, 14, 15, 16, 17, had allele frequencies of 0.01, 0.26, 0.38, 0.22, 
and 0.13 respectively. Allele 15 was found to be the most common. The haplotype diversity was 
calculated to be 0.73, showing this locus to be very diverse. In the Caucasian population, the 
most common allele was 14. The allele frequencies were 0.04, 0.72, 0.20, 0.03, and 0.01 for 
alleles 13-17 respectively. The haplotype diversity was calculated to be 0.45. The allele 
frequency measured in the Hispanic population for alleles 13, 14, 15, 16 and 17 was found to be 
0.15, 0.49, 0.25, 0.08 and 0.02 correspondingly. The haplotype diversity was calculated to be 
0.67. The allele frequencies were graphed against the number of variable repeat units. The allele 
frequency distribution in the three populations is shown in Figure 5.  
 
 3.4.2 DYS385a/b (Bilocal Locus) 
 For DYS385a, there were 100 African Americans and 99 Caucasians used for the 
precision this locus. In the Caucasian population, there was one sample that was found to be an 
off-ladder allele, falling outside the allelic ranges. Therefore, this sample was not included in 
either the precision or frequency studies. For DYS385, there were 10 alleles observed from the 
precision graph (Figure 6). The allele mean, standard deviation and allele ranges were calculated 
and shown in Table 9. The difference between the allele means was calculated to be 
approximately equal to 4.0, indicating this locus to have a tetra-nucleotide repeat [GAAA]. The 
average standard deviation was calculated to be 0.18. The maximum allele range for this locus 
was determined to be from 273.9 – 313.8 base pairs. The Standard Reference Materials (2395) 
were used to calibrate this locus.   
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 Y- STR DATABASE
 Allele Distribtution For The African American/Caucasian Population (n=199)
Multiplex II : DYS19 Alleles (234.5 - 251.1)
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Figure 4. Precision Graph for DYS19. 
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Figure 5. The Distribution of Allele Frequencies for DYS19 in Three Major U.S. Population Groups.
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      Table 9. Allele Distribution for DYS385a. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 9 274.4   1   273.9 274.9 
Allele 10 278.4 4.0 5   277.9 278.9 
Allele 11 282.2 3.8 79 0.17 281.7 282.7 
Allele 12 286.2 4.0 13 0.20 285.7 286.7 
Allele 13 290.1 3.9 14 0.20 289.6 290.6 
Allele 14 293.9 3.8 15 0.20 293.4 294.4 
Allele 15 297.8 3.9 19 0.17 297.3 298.3 
Allele 16 301.7 3.9 33 0.18 301.2 302.2 
Allele 17 305.7 4.0 15 0.15 305.2 306.2 
Allele 18 309.9 4.2 5   309.4 310.4 
Allele 19 313.3   0   312.8 313.8 
 
 
 The allele frequencies for locus DYS385a were measured in three population groups: 100 
African Americans, 99 Caucasians and 98 Hispanics. In the African American population, alleles 
11-18 were found to have allele frequencies of 0.18, 0.05, 0.02, 0.09, 0.16, 0.31, 0.14 and 0.05. 
The haplotype diversity for this locus was calculated to be 0.82. Allele 16 was found to be the 
most common. In the Caucasian population, the most common allele was 11. The allele 
frequencies were 0.01, 0.05, 0.62, 0.08, 0.12, 0.06, 0.03, 0.02, and 0.01 for alleles 9-17 
respectively. The haplotype diversity was calculated to be 0.60.  In the Hispanic population, 
there was one sample that was found to be a microvariant and was not included in the frequency 
calculation. In the Hispanic population alleles 10 - 18 had allele frequencies of 0.01, 0.48, 0.07, 
0.09, 0.16, 0.07, 0.08, 0.02, and 0.01 correspondingly. Allele 11 was found to be the most 
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common. The haplotype diversity was calculated to be 0.73. The allele frequencies were graphed 
against the number of variable repeats. The distribution of allele frequencies in the three 
populations are shown in Figure 7.  
 For DYS385b, there were 99 African Americans and 99 Caucasians used for the 
precision of this locus. There were two samples found to be off-ladder alleles. Therefore, these 
samples were not included in either the precision or frequency studies. For DYS385b, there were 
10 alleles observed from the precision graph (Figure 8). The allele mean, standard deviation and 
allele ranges were calculated and shown in Table 10. The difference between the allele means 
was calculated to be approximately equal to 4.0, indicating this locus has a tetra-nucleotide 
repeat. The average standard deviation was calculated to be 0.16. The maximum allele range for 
this locus was from 281.6 – 318.1 base pairs. The Standard Reference Materials (2395) 
confirmed the calibration of this locus.  
  
     Table 10. Allele Distribution for DYS385b. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 11 282.1   5   281.6 282.6 
Allele 12 286.4 4.3 1   285.9 286.9 
Allele 13 290.1 3.7 13 0.18 289.6 290.6 
Allele 14 293.9 3.8 69 0.18 293.4 294.4 
Allele 15 297.9 4.0 29 0.17 297.4 298.4 
Allele 16 301.7 3.8 21 0.17 301.2 302.2 
Allele 17 305.7 4.0 21 0.15 305.2 306.2 
Allele 18 309.7 4.0 22 0.15 309.2 310.2 
Allele 19 313.5 3.8 10 0.13 313.0 314.0 
Allele 20 317.6 4.1 7   317.1 318.1 
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 The allele frequency was measured in three population groups: 99 African Americans, 99 
Caucasians and 95 Hispanics for DYS385b. In the African American population, alleles (11, 13-
20) had the following frequencies 0.05, 0.03, 0.12, 0.09, 0.17, 0.18, 0.21, 0.09 and 0.05. Allele 
12 was not found to be represented in this population. The most common allele was found to be 
18. The haplotype diversity was calculated to be 0.86. In the Caucasian population, the most 
common allele seen was 14 with a frequency of 0.58. Alleles 12, 13, 15, 16, 17, 18, 19, 20, had 
frequency values of 0.01, 0.10, 0.58, 0.20, 0.03, 0.03, 0.02, 0.01 and 0.02 respectively. The 
haplotype diversity for the Caucasian population for locus DYS385b was 0.62. In the Hispanic 
population, alleles 11-20 were found to have allele frequencies of 0.03, 0.01, 0.03, 0.37, 0.23, 
0.08, 0.15, 0.06, 0.02 and 0.01 respectively. The most common allele in this population was 
observed to be 14. The haplotype diversity was calculated to be 0.78. The allele frequencies were 
graphed against the number of variable repeats. The frequency distribution in the three 
populations is depicted in Figure 9. 
 
 3.4.3 DYS388 
 For DYS388, there were 100 African Americans and 100 Caucasians used for the 
precision of this locus. There were 6 alleles (10, 12, 13, 14, 15 and 17) observed from grouping 
the samples shown in the precision graph (Figure 10). Alleles 11 and 16 were not present among 
the individuals from the African American or Caucasian populations. The allele mean, standard 
deviation and allele ranges were calculated and shown in Table 11. The allele mean difference 
between various clusters was found to be approximately equal to 3.0, indicating this locus to 
have a tri-nucleotide repeat unit [ATT]. The average standard deviation was found to be 0.11, a 
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Figure 6. Precision Graph for DYS385a. 
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Figure 7. The Distribution of Allele Frequencies for DYS385a in Three Major U.S. Population Groups.
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 Allele Distribution For The African American/Caucasian Population (n=198)
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Figure 8. Precision Graph for DYS385b. 
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Figure 9. The Distribution of Allele Frequencies for DYS385b in Three Major U.S. Population Groups.
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factor of (+/-) 3 standard deviations was multiplied to obtain a value of 0.33. The average 
standard deviation of 0.33 was used to determine the lower and upper limits for each allele. The 
allele ranges for DYS388 was determined to be from 120.0 – 142.2 base pairs. The Standard 
Reference Material (2395) confirmed the calibration of this locus.  
 
     Table 11. Allele Distribution for DYS388. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 10 120.3   5   120.0 120.6 
Allele 11 123.3   0   123.0 123.6 
Allele 12 126.3   160 0.10 126.0 126.6 
Allele 13 129.4 3.1 18 0.14 129.1 129.7 
Allele 14 132.4 3.0 11 0.08 132.1 132.7 
Allele 15 135.6 3.2 4   135.3 135.9 
Allele 16 138.6   0   138.3 138.9 
Allele 17 141.9   2   141.6 142.2 
 
 
 The allele frequencies were measured in three population groups: 100 African 
Americans, 100 Caucasians and 99 Hispanics. In the African American population, alleles 10, 
12, 13, 14, 15 were found to have frequencies of 0.03, 0.88, 0.07, 0.01 and 0.01 respectively. 
Allele 12 represented the major allele in the African American population and alleles 14, 15 were 
the least common. The haplotype diversity was calculated to be 0.22 which shows this locus to 
be not very diverse. In the Caucasian population, allele frequencies of 0.02, 0.72, 0.11, 0.10, 0.03 
and 0.02 were determined for alleles 10, 12, 13, 14, 15 and 17 correspondingly.  The most 
common allele was found to be 12. The haplotype diversity was calculated to be 0.46. In the 
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Hispanic population, alleles 12, 13, 14, 15 and 16 were shown to have frequencies of 0.74, 0.15, 
0.02, 0.08 and 0.01 respectively. Allele 12 was observed to be the most common in the Hispanic 
population. The haplotype diversity was calculated to be 0.43. The allele frequencies for this 
locus are graphed against the number of variable repeat units observed. The allele frequency 
distributions for the three population groups are depicted in Figure 11.  
 
 3.4.4 DYS389I/II (Bilocal Locus) 
 For locus DYS389I, 100 African Americans and 100 Caucasians samples were used for 
precision studies. The samples were grouped according to similar base pair sizes.  The resulting 
distribution of size in base pairs was graphed to show the precision of this locus (Figure 12). The 
graph displayed a tight distribution among the various groupings. In addition, this locus was 
found to exhibit five clusters or alleles. The allele mean, standard deviation and allele ranges 
were calculated and shown in Table 12. The difference in allele means was determined to be 4.0, 
indicating this locus to have a four base pair repeat unit. The average standard deviation was 
calculated to be 0.24. Based on the average standard deviation and the allele mean the maximum 
allele range for this locus was found to range from 243.6 - 261.1 base pairs. The Standard 
Reference Materials (2395) confirmed the calibration of this locus.  
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Figure 10. Precision Graph for DYS388.
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Figure 11. The Distribution of Allele Frequencies for DYS388 in Three Major U.S. Population Groups.
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    Table 12. Allele Distribution for DYS389I. 
 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 11 244.3   2   243.6 245.0 
Allele 12 248.3 4.0 37 0.25 247.6 249.0 
Allele 13 252.4 4.1 122 0.24 251.7 253.1 
Allele 14 256.5 4.1 37 0.23 255.8 257.2 
Allele 15 260.4 3.9 2   259.6 261.1 
  
 
 The allele frequencies were measured in three populations: 100 African Americans, 100 
Caucasians, and 99 Hispanics. In the African American population, alleles 11-15 were found to 
have frequencies of 0.01, 0.17, 0.59, 0.22 and 0.01.  The most common allele was observed to be 
13. The haplotype diversity was calculated to be approximately 58%. In the Caucasian 
population, the allele frequencies were determined to be 0.01, 0.20, 0.63, 0.15 and 0.01 for 
alleles 11-15 respectively. The major allele represented in this population group was allele 13. 
The haplotype diversity was calculated to be 0.55. In the Hispanic population, alleles 11-5 had an 
allele frequency range from 0.01 - 0.67. The allele frequency of 0.67 represented the most 
common allele 13 observed in this population. Alleles 11 and 15 were shown to be the least 
common in all three populations. The allele frequencies were graphed against the variable repeat 
units to illustrate the allele distributions in three ethnic populations depicted in Figure 13.  
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Figure 12. Precision Graph for DYS389I. 
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Figure 13. The Distribution of Allele Frequencies for DYS389I in Three Major U.S. Population Groups.
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 For DYS389II, there were 100 African Americans and 100 Caucasians used for the 
precision of this locus. There were 7 alleles (27 – 33) observed from grouping the samples 
shown in the precision graph (Figure 14). The allele mean, standard deviation and allele ranges 
were calculated and shown in Table 13. The allele mean difference between various clusters was 
found to be approximately equal to 4.0, indicating this locus to have a tetra-nucleotide repeat 
unit. The average standard deviation was calculated to be 0.18. Based on this calculation, (+/-) 3 
standard deviations was used to determine the lower and upper allele limits. The maximum allele 
range for this locus ranged from 362.4 – 386.6 base pairs. The Standard reference materials 
(2395) were used to confirm the calibration of this locus.  
 
      Table 13. Allele Distribution for locus DYS389II.  
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 27 362.9   2   362.4 363.4 
Allele 28 366.6 3.7 34 0.19 366.1 367.1 
Allele 29 370.5 3.9 57 0.19 370.0 371.0 
Allele 30 374.4 3.9 52 0.16 373.9 374.9 
Allele 31 378.4 4.0 36 0.17 377.9 378.9 
Allele 32 382.3 3.9 14 0.20 381.8 382.8 
Allele 33 386.0 3.7 3   385.5 386.6 
 
 
 The allele frequencies were measured in three population groups: 100 African 
Americans, 100 Caucasians and 99 Hispanics. In the African American population, alleles (27-
33) were found to have frequencies of 0.01, 0.12, 0.18, 0.30, 0.28, 0.10, and 0.01 respectively. 
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Allele 31 represented the major allele in the African American population and alleles 27, 33 were 
the least common. The haplotype diversity was calculated to be 0.78 which shows this locus to 
be highly diverse. In the Caucasian population, allele frequencies of 0.01, 0.22, 0.41, 0.22, 0.08, 
0.04 and 0.02 were determined for alleles 27 - 33.  The most common allele was found to be 29. 
The haplotype diversity was calculated to be 0.73. In the Hispanic population, alleles 27 - 32 
were shown to have frequencies of 0.02, 0.12, 0.37, 0.30, 0.12 and respectively. Allele 33 was 
not represented in the Hispanic population. Allele 29 was observed to be the most common 
among this population group. The haplotype diversity was calculated to be 0.74. The allele 
frequency distributions in the three populations are shown in Figure 15.  
 
 3.4.5 DYS390 
 For locus DYS390, 100 African Americans and 100 Caucasians samples were used for 
precision studies. The samples were grouped according to similar base pair sizes.  The resulting 
distribution of size in base pairs was graphed to show the precision of this locus (Figure 16). The 
graph displayed a tight distribution among the various groupings. In addition, this locus was 
found to exhibit seven clusters or alleles. The allele mean, standard deviation and allele ranges 
were calculated and shown in Table 14. The difference in allele means was determined to be 4.0, 
indicating this locus to have a four base pair repeat unit [TCTA] [TCTG]. The average standard 
deviation was calculated to be 0.08. Based on the average standard deviation and the allele mean 
the maximum allele range for this locus was found to range from 196.6 – 220.8 base pairs. The 
Standard Reference Materials (2395) confirmed the calibration of this locus.  
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Figure 14. Precision Graph for DYS389II. 
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Figure 15. The Distribution of Allele Frequencies for DYS389II in Three Major U.S. Population Groups. 
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  Table 14. Allele Distribution for DYS390. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 20 196.8   5   196.6 197.0 
Allele 21 200.7 3.9 55 0.08 200.5 200.9 
Allele 22 204.7 4.0 20 0.07 204.5 204.9 
Allele 23 208.7 4.0 32 0.08 208.5 208.9 
Allele 24 212.7 4.0 63 0.06 212.5 212.9 
Allele 25 216.7 4.0 20 0.09 216.5 216.9 
Allele 26 220.6 3.9 5   220.4 220.8 
 
 
 For DY390, allele frequencies were measured in three population groups: 100 African 
Americans, 100 Caucasians and 98 Hispanics. One sample in the Hispanic population was found 
to be multi-allelic at this locus and was not included in the frequency calculations. In the African 
American population, alleles 20 - 26 had allele frequencies of 0.05, 0.55, 0.07, 0.04, 0.19, 0.08 
and 0.02 respectively. Allele 21 was found to be the most common. The haplotype diversity was 
calculated to be 0.65. In the Caucasian population, the most common allele was 23. Alleles 20 
and 21 were not found to be present in this population group. The allele frequencies were 0.13, 
0.28, 0.44, 0.12, and 0.03 for alleles 22-26. The haplotype diversity was calculated to be 0.70. 
The allele frequency measured in the Hispanic population for alleles 21 - 26 was found to be 
0.05, 0.07, 0.26, 0.48, 0.13 and 0.01 respectively. The major allele represented was shown to be 
24 with allele 20 not exhibited in this group. The haplotype diversity was calculated to be 0.69. 
The allele frequency distributions for the three populations are illustrated in Figure 17.  
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Figure 16. Precision Graph for DYS390. 
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Figure 17. The Distribution of Allele Frequencies for DYS390 in Three Major U.S. Population Groups. 
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 3.4.6 DYS391 
 For DYS391, there were 100 African Americans and 100 Caucasians used for the 
precision of this locus. There were five alleles (8 – 12) observed from grouping the samples 
shown in the precision graph (Figure 18). The allele mean, standard deviation and allele ranges 
were calculated and shown in Table 15. The allele mean difference between various clusters was 
found to be 4.1, indicating this locus to have a tetra-nucleotide repeat unit [TCTA]. The average 
standard deviation was calculated to be 0.19. Based on this calculation, (+/-) 3 standard 
deviations were used to determine the lower and upper allele limits. The maximum allele range 
for this locus ranged from 268.8 – 290.5 base pairs. The Standard Reference Materials (2395) 
were used for the calibration of this locus.  
 
     Table 15. Allele Distribution for locus DYS391. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 7 269.4   0   268.8 270.0 
Allele 8 273.6   1   273.0 274.2 
Allele 9 278.0 4.4 1   277.4 278.6 
Allele 10 281.8 3.8 126 0.17 281.2 282.4 
Allele 11 285.8 4.0 67 0.20 285.2 286.4 
Allele 12 289.9 4.1 5   289.4 290.5 
 
 
 The allele frequencies for locus DYS391 were measured in three population groups: 100 
African Americans, 100 Caucasians and 99 Hispanics. In the African American population, 
alleles 8-12 were found to have allele frequencies of 0.01, 0.01, 0.72, 0.24 and 0.02 respectively. 
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The haplotype diversity for this locus was calculated to be 0.43. In the Caucasian population, the 
allele frequencies were 0.54, 0.43 and 0.03 for alleles 10, 11, 12 respectively. The haplotype 
diversity was calculated to be 0.53.  In the Hispanic population, alleles 7, 9, 10, and 11 had allele 
frequencies of 0.01, 0.02, 0.60, and 0.37. The haplotype diversity was calculated to be 0.51. 
Allele 19 was found to be the most common allele among the three population groups. The allele 
frequencies were graphed against the number of variable repeat units. The allele frequency 
distribution in the three populations is shown in Figure 19. 
 
 3.4.7 DYS392 
 For locus DYS392, 100 African Americans and 100 Caucasians samples were used for 
precision studies. The samples were grouped according to similar base pair sizes.  The resulting 
distribution of size in base pairs was graphed to show the precision of this locus (Figure 20). The 
graph displayed a tight distribution among the various groupings. In addition, this locus was 
found to exhibit seven clusters or alleles. The allele mean, standard deviation and allele ranges 
were calculated and are shown in Table 16. The difference in allele means were determined to be 
3.0, indicating this locus to have a tri-nucleotide repeat unit [TAT]. The average standard 
deviation was calculated to be 0.22. Based on the (+/-) 3 average standard deviations and the 
allele mean, the allele range for this locus was found to range from 238.0 – 269.6 base pairs. The 
Standard Reference Materials (2395) were used to confirm the calibration of this locus.  
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 Allele Distribution For The African American/Caucasian Population (n=200)
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Figure 18. Precision Graph for DYS391. 
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Figure 19. The Distribution of Allele Frequencies for DYS391 in Three Major U.S. Population Groups. 
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    Table 16. Allele Distribution for DYS392. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 8 238.7   1   238.0 239.4 
Allele 9 242.0   0   241.3 242.7 
Allele 10 245.0   1   244.3 245.7 
Allele 11 247.7 2.7 105 0.22 247.0 248.4 
Allele 12 250.7 3.0 15 0.21 250.0 251.4 
Allele 13 253.8 3.1 70 0.22 253.1 254.5 
Allele 14 256.8 3.0 7   256.1 257.5 
Allele 15 260.1 3.3 1   259.4 260.8 
Allele 16 262.9   0   262.2 263.6 
Allele 17 265.9   0   265.2 266.6 
Allele 18 268.9   0   268.2 269.6 
 
 
 For DY392, allele frequencies were measured in three population groups: 100 African 
Americans, 100 Caucasians and 99 Hispanics. In the African American population, alleles 8, 10 - 
14 had allele frequencies range from 0.01 – 0.75. Allele 11 was found to be the most common. 
Alleles 14 and 15 were not represented in this population group. The haplotype diversity was 
calculated to be 0.41. In the Caucasian population, the most common allele was 13 with an allele 
frequency of 0.58. For alleles 11 - 15 the allele frequency ranged from 0.01 - 0.58. The haplotype 
diversity was calculated to be 0.57. The allele frequencies in the Hispanic population for alleles 
11 - 18 were found to be 0.26, 0.03, 0.49, 0.10, 0.06, 0.02, 0.01 and 0.01 respectively. Alleles 8 - 
10 were not observed in this population group. The most common allele was 13. The haplotype 
diversity was calculated to be 0.68. The allele frequencies were graphed were graphed against 
the number of variable repeat units. The allele frequency distributions for the three major 
population groups are depicted in Figure 21.   
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Figure 20. Precision Graph for DYS392. 
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Figure 21.  The Distribution of Allele Frequencies for DYS392 in Three Major U.S. Population Groups. 
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 3.4.8 DYS393 
 For DYS393, there were 100 African Americans and 100 Caucasians used for the 
precision of this locus. There were 6 alleles 10, 12, 13, 14, 15 and 16 observed from grouping the 
samples, shown in the precision graph (Figure 22). The allele mean, standard deviation and allele 
ranges were calculated and shown in Table 17. The allele mean difference between various 
clusters was found to be 4.0, indicating this locus to have a four base repeat unit [AGAT]. The 
average standard deviation was calculated to be 0.22. Based on this calculation, (+/-) 3 standard 
deviations were used to determine the lower and upper allele limits. The maximum allele range 
for this locus ranged from 108.8–134.0 base pairs. The Standard Reference Materials (2395) 
were used for the calibration of this locus.  
 
   Table 17. Allele Distribution for DYS393. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 10 109.5   1   108.8 110.2 
Allele 11 113.2   0   112.5 113.9 
Allele 12 117.2   10 0.25 116.5 117.9 
Allele 13 121.1 3.9 139 0.23 120.4 121.8 
Allele 14 125.2 4.1 39 0.18 124.5 125.9 
Allele 15 129.3 4.1 10 0.20 128.6 129.9 
Allele 16 133.3 4.1 1   132.6 134.0 
 
 
 The allele frequencies for locus DYS393 were measured in three population groups: 100 
African Americans, 100 Caucasians and 99 Hispanics. In the African American population, 
alleles 10, 12-16 were found to have allele frequencies of 0.01, 0.03, 0.55, 0.32, 0.08 and 0.01 
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respectively. The haplotype diversity for this locus was calculated to be 0.59. Allele 13 was 
found to be the most common. In the Caucasian population, allele 13 was the most represented. 
The allele frequencies range from 0.02 – 0.84. The haplotype diversity was calculated to be 0.29.  
In the Hispanic population alleles, 12 - 15 had allele frequencies of 0.12, 0.79, 0.06 and 0.02 
respectively. Allele 13 was found to be the most common. The haplotype diversity was 
calculated to be 0.36. The allele frequencies were graphed against the number of repeat units. 
The frequency distribution in the three populations is shown in Figure 23. 
 
 3.4.9 DYS425 
 For locus DYS425, 96 African Americans and 95 Caucasians samples were used for 
precision and frequency studies. There were 9 individuals that displayed a multi-allelic pattern at 
this locus. Since both alleles were within allele range, these individuals were not included in the 
precision studies. Therefore, samples were grouped according to similar base pair sizes.  The 
resulting distribution of size in base pairs was graphed to show the precision of this locus (Figure 
24). This locus was found to exhibit five clusters or alleles. The allele mean, standard deviation 
and allele ranges were calculated and shown in Table 18. The difference in allele means was 
determined to be 3.1, indicating this locus to have a three base pair repeat unit [ACA]. The 
average standard deviation was calculated to be 0.10. Based on the allele mean, (+/-) 3 standard 
deviations the allelic range for this locus was found to be from 98.6 – 111.7 base pairs.  To 
confirm the calibration of this system, two reference samples from the Y-STR Database were 
chosen that represent the major alleles for this locus, and were sequenced since no Standard 
Reference Materials (2395) were available. For DYS425, sequence analysis showed the allele 
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Figure 22. Precision Graph for DYS393.
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Figure 23. The Distribution of Allele Frequencies for DYS393 in Three Major U.S. Population Groups.
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nomenclature to be ACA based on the consensus structure. Therefore, each allele specific to this 
locus was designated by the total number of [ACA] units.  
 
    Table 18. Allele Distribution for DYS425. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 10 98.9   8   98.6 99.2 
Allele 11 101.9 3.0 2   101.6 102.2 
Allele 12 105.1 3.2 179 0.10 104.8 105.4 
Allele 13 108.1 3.0 1   107.8 108.4 
Allele 14 111.4 3.3 1   111.1 111.7 
 
 
 For DY425, allele frequencies were measured in three population groups: 96 African 
Americans, 95 Caucasians and 91 Hispanics. In the African American population, alleles 10, 11, 
12, and 14 had allele frequencies range from 0.01 – 0.92. Allele 12 was found to be the most 
common. Allele 13 was not represented in this population group. The haplotype diversity was 
calculated to be 0.16, indicating this locus not to be very diverse. In the Caucasian population, 
the most common allele was 12 with an allele frequency of 0.96. For alleles 10, 12 and 13 the 
allele frequency ranged from 0.01 - 0.96. The haplotype diversity was calculated to be 0.08. The 
allele frequencies in the Hispanic population for alleles 10, 12, and 14 were found to be 0.01, 
0.96 and 0.03 respectively. The haplotype diversity was calculated to be 0.09. The allele 
frequencies were graphed against the number of repeats for each population group. The allele 
frequency distributions are depicted in Figure 25.  
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 3.4.10 DYS426 
 For DYS426, there were 100 African Americans and 100 Caucasians used for the 
precision this locus. There were three alleles observed from grouping the samples shown in the 
precision graph (Figure 26). The allele mean, standard deviation and allele ranges were 
calculated and shown in Table 19. The allele mean difference between various clusters was 
found to be 3.0, indicating this locus to have a tri-nucleotide repeat unit [GTT]. The average 
standard deviation was calculated to be 0.12. Based on this calculation, (+/-) 3 standard 
deviations were used to determine the lower and upper allele limits. The maximum allele range 
for this locus ranged from 82.0 – 94.8 base pairs. Since this locus is not yet calibrated, the alleles 
were given nominal designations, indicated by the 1st cluster observed, given the designation 
‘allele 1’. This designation was repeated for the subsequent groups present.  
 
       Table 19. Allele Distribution for DYS426. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele "1" 82.4   0   82.0 82.8 
Allele "2" 85.4   0 0.13 85.0 85.8 
Allele "3" 88.4   107 0.13 88.0 88.8 
Allele "4" 91.4 3.0 91 0.09 91.0 91.8 
 
Allele "5" 94.4 3.0 2   94.0 94.8 
 
 
 For DY426, allele frequencies were measured in two population groups: 100 African 
Americans and 100 Caucasians. In the African American population, alleles 3 and 4 had allele 
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Figure 24. Precision Graph for DYS425. 
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Figure 25.  The Distribution of Allele Frequencies for DYS425 in Three Major U.S. Population Groups. 
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frequencies of 0.78 and 0.22 respectively. Allele 3 was found to be the most common. In the 
Caucasian population, the most common allele was 4 with an allele frequency of 0.69. The 
haplotype diversity was calculated to be 0.44. The allele frequencies were graphed against the 
number of variable repeat units. The allele frequency distributions for the African American and 
Caucasian populations are shown in Figure 27. 
 
 3.4.11 DYS434 
 For locus DYS434, 100 African Americans and 100 Caucasians samples were used for 
precision studies. The samples were grouped according to similar base pair sizes.  The resulting 
distribution of size in base pairs was graphed to show the precision of this locus (Figure 28). In 
addition, this locus was found to exhibit three clusters or alleles. The allele mean, standard 
deviation and allele ranges were calculated and shown in Table 20. The difference in allele 
means was determined to be 4.0, indicating this locus to have a four base pair repeat unit. The 
average standard deviation was calculated to be 0.12. Based on this calculation, (+/-) 3 standard 
deviations were used to determine the lower and upper allele limits. The maximum allele range 
for this locus was determined to be from 106.5 – 115.2 base pairs. To calibrate this locus, two 
reference samples from the Y-STR Database, were sequenced since no Standard Reference 
Materials (2395) were available. For most DYS434 samples sequenced, there are two TAAT 
units but only one TAAT unit has been referenced in the consensus structure previously 
described.  Sequence analysis that was performed showed the allele nomenclature to be [TAAT] 
[CTAT] based on the consensus structure. Each allele specific to this locus was then designated 
by the total number of [TAAT] [CTAT] units as described by Gusmao et al, thus, confirming the 
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Figure 26. Precision Graph for DYS426.  
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Figure 27.  The Distribution of Allele Frequencies for DYS426 in Two Major U.S. Population Groups. 
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the calibration of this locus.  
 
      Table 20. Allele Distribution for DYS434. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 10 106.9   4   106.5 107.3 
Allele 11 110.8 3.9 191 0.12 110.4 111.2 
Allele 12 114.8 4.0 5   114.4 115.2 
 
 
 
 For DY434, allele frequencies were measured in three population groups: 100 African 
Americans, 100 Caucasians and 99 Hispanics. In the African American population, alleles 10, 11 
and 12 had allele frequencies range from 0.02 – 0.94 correspondingly. Allele 11 was found to be 
the most common. The haplotype diversity was calculated to be 0.12. In the Caucasian 
population, the most common allele was 11 with an allele frequency of 0.97. The haplotype 
diversity was calculated to be 0.06. The allele frequencies in the Hispanic population for alleles 
10 and 11 were found to be 0.01 and 0.99 respectively. The most common allele was 11. The 
haplotype diversity was calculated to be 0.02. The allele frequencies were graphed against the 
number of repeat units. The allele frequency distributions for the African American, Caucasian 
and Hispanic populations are illustrated in Figure 29. 
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Figure 28. Precision Graph for DYS434. 
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Figure 29. The Distribution of Allele Frequencies for DYS434 in Three Major U.S. Population Groups. 
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 3.4.12 DYS435 
 For DYS435, there were 100 African Americans and 100 Caucasians used for the 
precision of this locus. There were two alleles observed from grouping the samples shown in the 
precision graph (Figure 30). The allele mean, standard deviation and allele ranges were 
calculated and shown in Table 21. The allele mean difference between various clusters was 
found to be 4.0, indicating this locus to have a tetra-nucleotide repeat unit [TGGA]. The average 
standard deviation was calculated to be 0.09. Based on this calculation, (+/-) 3 standard 
deviations were used to determine the lower and upper allele limits. The maximum allele range 
for this locus ranged from 212.8 – 225.5 base pairs. The alleles were given nominal designations 
because this locus has not been calibrated.  
 
     Table 21. Allele Distribution for DYS435. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele "1" 213.1   0   212.8 213.4 
Allele "2" 217.1   191 0.09 216.8 217.4 
Allele "3" 221.2 4.0 9   220.9 221.5 
Allele "4" 225.2   0   224.9 225.5 
 
 
 
 The allele frequencies for locus DYS435 were measured in two population groups: 100 
African Americans and 100 Caucasians. In the African American population, alleles 2 and 3 
were found to have frequencies of 0.99 and 0.01. The haplotype diversity for this locus was 
calculated to be 0.02. Allele 2 was found to be the most common. In the Caucasian population, 
allele 2 was the most represented with a frequency of 0.92. The haplotype diversity was 
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calculated to be 0.15. The diversity for this locus was found to be quite low. The allele 
frequencies were graphed against the number of repeat units. The allele frequency distributions 
for the two populations are shown in Figure 31. 
 
3.4.13 DYS436 
 For DYS436, there were 100 African Americans and 100 Caucasians used for the 
precision of this locus. There were five alleles (1-5) observed from grouping the samples shown 
in the precision graph (Figure 32). The allele mean, standard deviation and allele ranges were 
calculated and shown in Table 22. The allele mean difference between various clusters was 
found to be 2.9, indicating this locus to have a tri-nucleotide repeat unit [GTT]. The average 
standard deviation was calculated to be 0.09. The maximum allele range for this locus was 
determined to be from 125.8 – 138.1 base pairs. The alleles were given nominal designations 
because this locus has not been calibrated.  
 
     Table 22. Allele Distribution for DYS436. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele "1" 126.1   2   125.8 126.4 
Allele "2" 129.1 3.0 4   128.8 129.4 
Allele "3" 132.3 3.2 190 0.09 132.0 132.6 
Allele "4" 135.5 3.2 3   135.2 135.8 
Allele "5" 137.8 2.3 1   137.5 138.1 
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 Allele Distribution For The African American/Caucasian Population 
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Figure 30. Precision Graph for DYS435. 
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Figure 31.  The Distribution of Allele Frequencies for DYS435 in Two Major U.S. Population Groups.
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 The allele frequencies for locus DYS436 were measured in two population groups: 
100African Americans and 100 Caucasians. In the African American population, alleles 1- 4 
were found to have frequencies of 0.02, 0.02, 0.95 and 0.01 respectively. The haplotype diversity 
for this locus was calculated to be 0.10. Allele 3 was found to be the most common. In the 
Caucasian population, allele 3 was the most represented with a frequency of 0.95. Allele 1 was 
not found to be present in this population group. The haplotype diversity was calculated to be 
0.10. The allele frequencies were graphed against the number of repeat units. The allele 
frequency distributions for the African American and Caucasian populations are depicted in 
Figure 33. 
 
 3.4.14 DYS437 
 For locus DYS437, 100 African Americans and 100 Caucasians samples were used for 
precision studies. The samples were grouped according to similar base pair sizes.  The resulting 
distribution of size in base pairs was graphed to show the precision and exhibit four clusters or 
alleles (Figure 34). The allele mean, standard deviation and allele ranges were calculated and 
shown in Table 23. The difference in allele means was determined to be approximately 4.0, 
indicating this locus to have a tetra-nucleotide repeat unit. The average standard deviation was 
calculated to be 0.10. The maximum allele range for this locus was found to range from 181.0 – 
197.4 base pairs. The Standard Reference Materials (2395) were used to confirm the calibration 
of this locus.  
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    Table 23. Allele Distribution for Locus DYS437. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 13 181.3   0   181.0 181.6 
Allele 14 185.3   98 0.10 185.0 185.6 
Allele 15 189.2 3.9 82 0.10 188.9 189.5 
Allele 16 193.1 3.9 18 0.11 192.8 193.4 
Allele 17 197.1 4.0 2   196.8 197.4 
 
 
 
 For DY437, allele frequencies were measured in three population groups: 100 African 
Americans, 100 Caucasians and 99 Hispanics. In the African American population, alleles 14 - 
17 had allele frequencies range from 0.02 – 0.72. Allele 14 was found to be the most common. 
The haplotype diversity was calculated to be 0.43. In the Caucasian population, the most 
common allele was 15 with an allele frequency of 0.58. The haplotype diversity was calculated 
to be 0.58. The allele frequencies in the Hispanic population for alleles 13, 14, 15 and 16 were 
found to be 0.01, 0.44, 0.46 and 0.08 respectively. The most common allele was 15. The 
haplotype diversity was calculated to be 0.59. The allele frequencies were graphed against the 
number of repeat units. The allele frequency distributions in the three populations are shown in 
Figure 35. 
 
 
3.4.15 DYS438 
 For locus DYS438, 100 African Americans and 100 Caucasians samples were used for 
precision studies. The samples were grouped according to similar base pair sizes.  The resulting 
distribution of size in base pairs was graphed to show the precision of this locus (Figure 36).
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Figure 32. Precision Graph for DYS436. 
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Figure 33. The Distribution of Allele Frequencies for DYS436 in Two Major U.S. Population Groups. 
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From the graph, this locus was found to exhibit seven clusters or alleles (8-14). The allele mean, 
standard deviation and allele ranges were calculated and shown in Table 24. The difference in 
allele means was determined to be 4.8, indicating this locus to have a penta-nucleotide repeat 
unit [TTTTC]. The average standard deviation was calculated to be 0.14. Based on this 
calculation, (+/-) 3 standard deviations were used to determine the lower and upper allele limits. 
The maximum allele range for this locus was determined to be from 207.5 - 236.9 base pairs. 
The Standard Reference Materials (2395) were used to confirm the calibration of this locus.  
 
      Table 24. Allele Distribution for Locus DYS438. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 8 207.9   1   207.5 208.3 
Allele 9 212.8 4.8 4   212.3 213.2 
Allele 10 217.5 4.8 32 0.14 217.1 217.9 
Allele 11 222.3 4.8 84 0.13 221.9 222.7 
Allele 12 227.1 4.8 74 0.14 226.7 227.5 
Allele 13 231.8 4.7 3   231.4 232.2 
Allele 14 236.5 4.7 2   236.1 236.9 
 
 
 For DY438, allele frequencies were measured in three population groups: 100 African 
Americans, 100 Caucasians and 99 Hispanics. In the African American population, alleles 8 - 14 
had allele frequencies range from 0.01 – 0.71. Allele 11 was found to be the most common. The 
haplotype diversity was calculated to be 0.47. In the Caucasian population, the most common 
allele was 12 with an allele frequency of 0.57. Alleles 8 and 14 were not exhibited in this 
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Figure 34. Precision Graph for DYS437.  
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Figure 35.  The Distribution of Allele Frequencies for DYS437 in Three Major U.S. Population Groups. 
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population. The haplotype diversity was calculated to be 0.60. The allele frequencies in the 
Hispanic population for alleles 9 - 13 were found to be 0.11, 0.19, 0.21, 0.46 and 0.02 
respectively. Alleles 8 and 14 were not represented in this population group. The most common 
allele was 12. The haplotype diversity was calculated to be 0.70. The allele frequencies were 
graphed against the number of repeat units. The allele frequency distributions for the three major 
population groups are shown in Figure 37.  
 
3.4.16 DYS439 
 For DYS439, there were 100 African Americans and 100 Caucasians used for the 
precision of this locus. The samples were grouped according to similar base pair sizes and 
graphed against the number of occurrences in the mixed population (Figure 38). From the graph, 
there were five clusters or alleles observed. Based on the number of repeat units the alleles were 
designated 10, 11, 12, 13 and 14. The allele mean, standard deviation and allele ranges were 
calculated for each cluster and shown in Table 25. The allele mean difference between various 
groups was found to be approximately 4.0, indicating this locus to have a four base repeat unit 
[GATA]. The average standard deviation was calculated to be 0.13. The maximum allele range 
for this locus was determined to be from 238.7 – 255.7 base pairs.  The Standard Reference 
Materials (2395) were used to confirm the calibration of this locus. 
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Figure 36. Precision Graph of DYS438. 
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Figure 37. The Distribution of Allele Frequencies for DYS438 in Three Major U.S. Population Groups. 
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    Table 25. Allele Distribution of DYS439. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation 
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 10 239.1   13 0.11 238.7 239.5 
Allele 11 243.2 4.1 65 0.13 242.8 243.6 
Allele 12 247.2 4.0 93 0.11 246.8 247.6 
Allele 13 251.2 4.0 27 0.15 250.8 251.6 
Allele 14 255.3 4.1 2   254.9 255.7 
 
 
 
 The allele frequencies were measured in three population groups: 100 African 
Americans, 100 Caucasians and 99 Hispanics. In the African American population, alleles 10 - 
14 were found to have frequencies 0.03, 0.26, 0.48, 0.21 and 0.02 respectively. Allele 12 
represented the major allele in the African American population and alleles 10, 14 were the least 
common. The haplotype diversity was calculated to be 0.66. In the Caucasian population, the 
most common allele was 12 with an allele frequency of 0.45. The haplotype diversity was 
determined to be 0.64. The allele frequencies in the Hispanic population ranged from 0.06 - 0.45. 
Allele 12 was the most common allele represented in this population group. The haplotype 
diversity was calculated to be 0.66. The allelic frequencies were graphed against the number of 
repeats units for each ethnic group and illustrated in Figure 39.  
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 3.4.17 DYS441 
 For DYS441, there were 100 African Americans and 100 Caucasians used for the 
precision of this locus. The samples of similar base pair sizes were grouped and graphed against 
the number of occurrences in the mixed population (Figure 40). From the graph, there were 
seven clusters or alleles observed. The allele mean, standard deviation and allele ranges were 
calculated for each cluster and shown in Table 26. The allele mean difference between various 
clusters was found to be 4.0, indicating this locus to have tetra-nucleotide repeat unit [TATC]. 
The average standard deviation was calculated to be 0.09. Based on this calculation, the 
maximum allele range for this locus was determined to be from 338.3 – 362.7 base pairs. This 
locus is in the process of being calibrated. Therefore, the alleles were given nominal 
designations, indicated by the 1st cluster observed given the designation ‘allele 1’. This 
designation was repeated for the subsequent groups present.  
 
     Table 26. Allele Distribution for DYS441. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele "1" 338.6   6   338.3 338.9 
Allele "2" 342.7 4.1 87 0.09 342.4 343.0 
Allele "3" 346.8 4.1 71 0.09 346.5 347.1 
Allele "4" 350.8 4.0 14 0.10 350.5 351.1 
Allele "5" 354.7 3.9 17 0.08 354.4 355.0 
Allele "6" 358.6 3.9 3   358.3 358.9 
Allele "7" 362.4 3.8 2   362.1 362.7 
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 Allele Distribution For The African American/Caucasian Population (n=200)
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Figure 38. Precision Graph for DYS439. 
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Figure 39.  The Distribution of Allele Frequencies for DYS439 in Three Major U.S. Population Groups. 
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 For DYS441, allele frequencies were measured in two population groups: 100 African 
Americans and 100 Caucasians. In the African American population, alleles 1 - 6 had allele 
frequencies range from 0.02 – 0.56. Allele 3 was found to be the most common. Allele 7 was not 
observed in this population group. The haplotype diversity was calculated to be 0.60.  In the 
Caucasian population, all seven alleles were represented. The most common allele was observed 
to be allele 2 with a frequency of 0.61. The haplotype diversity was determined to be 0.59. The 
allele frequencies were graphed against the number of variable repeat units. The allele frequency 
distributions for the two populations are illustrated in Figure 41. 
 
 3.4.18 DYS442 
 For DYS442, there were 100 African Americans and 100 Caucasians used for the 
precision this locus. There were six alleles observed from grouping the samples shown in the 
precision graph (Figure 42). The allele mean, standard deviation and allele ranges were 
calculated and are shown in Table 27. The allele mean difference between various clusters was 
found to be approximately equal to 4.0, indicating this locus to be a four base repeat unit 
[CCTT]. The average standard deviation was calculated to be 0.06. The maximum allele range 
for this locus was determined to be from 382.8 – 411.0 base pairs. The alleles were given 
nominal designations because this locus has not been calibrated.  
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Figure 40. Precision Graph of DYS441. 
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Figure 41. The Distribution of Allele Frequencies for DYS441 in Two Major U.S. Population Groups. 
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  Table 27. Allele Distribution for DYS442. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele "1" 383.0   2   382.8 383.2 
Allele "2" 386.8   0   386.6 387.0 
Allele "3" 390.8   7   390.6 391.0 
Allele "4" 394.7 3.9 73 0.06 394.5 394.9 
Allele "5" 398.6 3.9 93 0.07 398.4 398.8 
Allele "6" 402.6 4.0 24 0.06 402.4 402.8 
Allele "7" 406.7 4.0  1   406.5 406.9 
Allele "8" 410.8       410.6 411.0 
 
 
 For DY442, allele frequencies were measured in two population groups: 100 African 
Americans and 100 Caucasians. In the African American population, alleles 1, 3-6) were shown 
to have allele frequencies of 0.02, 0.06, 0.59, 0.26 and 0.07 respectively. Allele 4 was found to 
be the most common with alleles 2 and 7 not present in African Americans. The haplotype 
diversity was calculated to be 0.58. In the Caucasian population, allele 5 was the major allele 
represented with a frequency of 0.67. The haplotype diversity was calculated to 0.51.  The allele 
frequencies were graphed against the repeat units. The allele frequency distributions for two 
populations are depicted in Figure 43. 
 
 3.4.19 DYS446 
 For DYS446, there were 100 African Americans and 100 Caucasians used for the 
precision of this locus. The samples of similar base pair sizes were grouped and graphed against 
the number of occurrences in the mixed population (Figure 44). From the graph, there were ten
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Figure 42. Precision Graph for DYS442.  
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Figure 43.  The Distribution of Allele Frequencies for DYS442 in Two Major U.S. Population Groups. 
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clusters or alleles observed. The allele mean, standard deviation and allele ranges were 
calculated for each cluster and shown in Table 28. The allele mean difference between various 
clusters was found to be approximately equal to 5.0, indicating this locus to have a penta-
nucleotide repeat unit [TCTCT]. The average standard deviation was calculated to be 0.09. 
Based on this calculation, the maximum allele range for this locus was determined to be from 
89.1 – 146.8 base pairs. This locus is in the process of being calibrated. Therefore, the alleles 
were given nominal designations, indicated by the 1st cluster observed given the designation 
‘allele 1’.  
 
    Table 28. Allele Distribution for DYS446. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit 
(+3SD) 
Allele "1" 89.4       89.1 89.7 
Allele "2" 94.8   1   94.5 95.1 
 
Allele "3" 100.3 5.5 5   100.0 100.6 
Allele "4" 105.2 4.9 30 0.07 104.9 105.5 
Allele "5" 110.2 5.0 100 0.11 109.9 110.5 
Allele "6" 115.2 5.0 37 0.10 114.9 115.5 
Allele "7" 120.2 5.0 12 0.09 119.9 120.5 
Allele "8" 125.3 5.1 4   125.0 125.6 
Allele "9" 130.4 5.1 7   130.1 130.7 
Allele "10" 135.6 5.2 1   135.3 135.9 
Allele "11" 140.6   0   140.3 140.9 
Allele "12" 146.5   3   146.2 146.8 
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 For DYS446, allele frequencies were measured in two population groups: 100 African 
Americans and 100 Caucasians. In the African American population, alleles 4 - 9, 12 had allele 
frequencies range from 0.03 – 0.42. Allele 5 was found to be the most common. The haplotype 
diversity was calculated to be 0.75, indicating this locus to be very diverse.  In the Caucasian 
population, the most common allele was 5 with an allele frequency of 0.58. The haplotype 
diversity was determined to be 0.61. The allele frequencies were graphed against the number of 
repeat units. The frequency distribution in the two populations is illustrated in Figure 45. 
 
 3.4.20 DYS462 
 For DYS462, there were 100 African Americans and 100 Caucasians used for the 
precision of this locus. There were four alleles observed from grouping the samples shown in the 
precision graph (Figure 46). The allele mean, standard deviation and allele ranges were 
calculated for each grouping and shown in Table 29. The allele mean difference between various 
clusters was found to be 4.0, indicating this locus to have a tetra-nucleotide repeat unit [GTAT]. 
The average standard deviation was calculated to be 0.08. Based on this calculation, (+/-) 3 
standard deviations were used to determine the lower and upper allele limits. The maximum 
allele range for this locus ranged from 169.7 – 190.2 base pairs. To confirm the calibration of 
this locus, alleles were given nominal designations indicated by the 1st cluster observed given the 
designation ‘allele 1’. This designation was repeated for the subsequent groups present. 
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 Allele Distribution For The African American/Caucasian Population 
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Figure 44. Precision Graph for DYS446. 
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Figure 45. The Distribution of Allele Frequencies for DYS446 in Two Major U.S. Population Groups. 
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    Table 29. Allele Distribution for DYS462. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele "1" 169.9   0   169.7 170.1 
Allele "2" 173.9   0   173.7 174.1 
Allele "3" 178.0   1   177.8 178.2 
Allele "4" 182.0 4.0 94 0.08 181.8 182.2 
186.0 4.0 100 0.08 185.8 186.2 
Allele "6" 190.0 4.0 5   189.8 190.2 
Allele "5" 
 
  
 For DYS462, allele frequencies were measured in two population groups: 100 African 
Americans and 100 Caucasians. In the African American population, alleles 4, 5 and 6 were 
shown to have allele frequencies of 0.24, 0.73 and 0.03 respectively. Allele 5 was found to be the 
most common. The haplotype diversity was calculated to be 0.41. In the Caucasian population, 
allele 4 was the major allele represented with a frequency of 0.70. The haplotype diversity was 
calculated to 0.44.  The allele frequencies were graphed against the number of variable repeat 
units. The allele frequency distributions for the African American and Caucasians populations 
are depicted in Figure 47. 
 
 3.4.21 Y-GATA A7.1 
 For locus Y-GATA A7.1, 100 African Americans and 100 Caucasians samples were used 
for precision studies. The samples were grouped according to similar base pair sizes.  The 
resulting distribution of size in base pairs was graphed against the number of occurrences to 
show the precision of this locus (Figure 48). This locus was found to exhibit five clusters or 
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Figure 46. Precision Graph for DYS462. 
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Figure 47. The Distribution of Allele Frequencies for DYS462 in Two Major U.S. Population Groups.
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alleles. The allele mean, standard deviation and allele ranges were calculated and shown in Table 
30. The difference in allele means was determined to be approximately equal to 4.0, indicating 
this locus to have a four base pair repeat unit. The average standard deviation was calculated to 
be 0.12. Based on this calculation, (+/-) 3 standard deviations were used to determine the lower 
and upper allele limits. The maximum allele range for this locus was determined to be from 
104.5 – 121.5 base pairs. The Standard Reference Materials (2395) confirmed the calibration of 
this locus.  
 
        Table 30. Allele Distribution for Y-GATA A7.1. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 9 104.9   7   104.5 105.3 
Allele 10 108.9 4.0 81 0.11 108.5 109.3 
Allele 11 112.9 4.0 102 0.14 112.5 113.3 
Allele 12 116.8 3.9 9   116.4 117.2 
Allele 13 121.1 4.3 1   120.7 121.5 
 
 
 For Y-GATA A7.1, allele frequencies were measured in three population groups: 100 
African Americans, 100 Caucasians and 99 Hispanics. In the African American population, 
alleles 10, 11 and 12 were shown to have allele frequencies of 0.54, 0.41 and 0.05 respectively. 
Allele 10 was found to be the most common. The haplotype diversity was calculated to be 0.54. 
In the Caucasian population, allele 11 was the major allele represented with a frequency of 0.61. 
The haplotype diversity was calculated to 0.55.  In the Hispanic population, alleles 9-12 had 
frequencies of 0.04, 0.36, 0.54 and 0.06 respectively. The haplotype diversity was calculated to
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Figure 48. Precision Graph for Y-GATA A7.1. 
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Figure 49. The Distribution of Allele Frequencies for Y-GATA A7.1 in Three Major U.S. Population Groups. 
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be 0.58. The allele frequencies were graphed against the number of variable repeat units. The 
allele frequency distributions for the three populations are depicted in Figure 49. 
 
 3.4.22 Y-GATA A7.2 
 For locus Y-GATA A7.2, 100 African Americans and 100 Caucasians samples were used 
for precision studies. The samples were grouped according to similar base pair sizes. There were 
5 alleles (10, 11, 12, 13, and 14) observed from grouping the samples shown in the precision 
graph (Figure 50). From the graph there was not a tight distribution of alleles observed for this 
locus. Some samples were found to deviate by one base pair from their corresponding cluster. 
This allele variation is due to Taq Polymerase, used in the PCR reaction, which adds an extra 
nucleotide (usually an adenosine) to the 3’-end of the PCR product as the template strand is 
being copied. This results in a PCR product that is one base pair longer than the actual sequence. 
As a result, this non-template addition was found to have an effect on the precision of this locus. 
The allele mean, standard deviation and allele ranges were calculated based on these observed 
results and shown in Table 31. The differences in allele means was determined to be 4.0, 
indicating this locus have a tetra-nucleotide pair repeat unit. Because the alleles did not represent 
a tight distribution, due to the nucleotide addition, the average standard deviation was found to 
be quite large (.40). Based on this calculation, (+/-) 3 standard deviations was used to determine 
the lower and upper allele limits. The maximum allele range for this locus was determined to be 
from 172.6 – 191.0 base pairs. To calibrate this locus, two reference samples from the Y-STR 
Database, were sequenced since no Standard Reference Materials (2395) were available. Y-
GATA A7.2 can be named according to the number of TAGA repeats originally described; 
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however, it was found that there is an additional CAGA unit in the consensus structure. 
Consequently, the alleles were named according to the number of [TAGA] [CAGA] repeats. 
Thus, confirming the calibration of this locus.  
 
       Table 31. Allele Distribution for Y-GATA A7.2. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 10 173.8   1   172.6 175.0 
Allele 11 177.8 4.0 32 0.46 176.6 179.0 
Allele 12 181.8 4.0 103 0.44 180.6 183.0 
Allele 13 185.9 4.1 57 0.32 184.7 187.1 
Allele 14 189.8 3.9 7   188.6 191.0 
 
 
 For Y-GATA A7.2, the allele frequencies were measured in three population groups: 100 
African Americans, 100 Caucasians and 99 Hispanics. In the African American population, 
alleles 11, 12, 13, and 14 were found to have frequencies of 0.10, 0.40, 0.44 and 0.06 
respectively. Allele 13 represented the major allele in the African American population and 
alleles 11, 14 were the least common. The haplotype diversity was calculated to be 0.64, 
indicating this locus to be moderately diverse. In the Caucasian population, allele frequencies of 
0.01, 0.22, 0.63, 0.13 and 0.01 were determined for alleles 10, 11, 12, 13 and 14 respectively. 
The most common allele was found to be 12.  The haplotype diversity was calculated to be 0.54. 
In the Hispanic population, alleles 10 - 14 were shown to have frequencies of 0.05, 0.20, 0.51, 
0.19 and 0.05 respectively. Allele 12 was observed to be the most common in the Hispanic 
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population. The haplotype diversity was calculated to be 0.67. The allele frequency distributions 
for the three populations are shown in Figure 51. 
 
 3.4.23 Y-GATA A10 
 For Y-GATA A10, there were 100 African Americans and 100 Caucasians used for the 
precision this locus. There were seven alleles observed from grouping the samples shown in the 
precision graph (Figure 52). The graph represented a tight clustering of alleles. The allele mean, 
standard deviation and allele ranges were calculated for each grouping and shown in Table 32. 
The allele mean difference between various clusters was found to be approximately equal to 4.0, 
indicating this locus to be a four base repeat unit [GATA]. The average standard deviation was 
calculated to be 0.09. Based on this calculation, (+/-) 3 standard deviations were used to 
determine the lower and upper allele limits. The maximum allele range for this locus ranged 
from 148.9 – 178.7 base pairs. Since this locus has not been calibrated, the alleles were given 
nominal designations, indicated by the 1st cluster observed given the designation ‘allele 1’. This 
designation was repeated for the subsequent groups present.  
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      Table 32. Precision for Y-GATA A10. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele "1" 149.2   1   148.9 149.5 
Allele "2" 154.1   0   153.8 154.4 
Allele "3" 158.1   24 0.08 157.8 158.4 
Allele "4" 162.3 4.2 72 0.09 162.0 162.6 
Allele "5" 166.4 4.1 85 0.08 166.1 166.7 
Allele "6" 170.5 4.1 13 0.09 170.2 170.8 
Allele "7" 174.4 3.9 4   174.1 174.7 
Allele "8" 178.4 4.0 1   178.1 178.7 
 
 
 For Y-GATA A10, allele frequencies were measured in two population groups: 100 
African Americans and 100 Caucasians. In the African American population, alleles 1 and 3-8 
were shown to have allele frequencies range from 0.01 – 0.45. Allele 4 was found to be the most 
common with an allele frequency of 0.45. The least common alleles observed were 1 and 8, both 
showed an allele frequency of 0.01. The haplotype diversity was calculated to be 0.70. In the 
Caucasian population, allele 5 was the major allele represented with a frequency of 0.67. The 
haplotype diversity was calculated to 0.48.  The allele frequencies were graphed against the 
number of variable repeat units. The allele frequency distributions for the two populations are 
depicted in Figure 53. 
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Figure 50. Precision Graph for Y-GATA A7.2. 
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Figure 51. The Distribution of Allele Frequencies for Y-GATA A7.2 in Three Major U.S. Population Groups. 
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 3.4.24 Y-GATA C4 
 For Y-GATA C4, there were 100 African Americans and 100 Caucasians used for the 
precision of this locus. There were 9 alleles (17, 19-26) observed from grouping the samples 
shown in the precision graph (Figure 54). The graph displayed a tight distribution among the 
various groupings or alleles. For each cluster, the allele mean, standard deviation and allele 
ranges were calculated and shown in Table 33. The allele mean difference between various 
clusters was found to be 4.0, indicating this locus to have a four base repeat unit. The average 
standard deviation was calculated to be 0.11. Based on this calculation, (+/-) 3 standard 
deviations were used to determine the lower and upper allele limits. The maximum allele range 
for this locus ranged from 238.2 – 275.4 base pairs. To confirm the calibration of this system, 
two reference samples from the Y-STR Database were chosen that represent the major alleles for 
this locus, and were sequenced since no Standard Reference Materials (2395) were available. 
Sequence analysis showed the allele nomenclature for this locus to be (TCTA) 4 (TGTA) 2 
(TCTA)2 (TGTA) 2 (TCTA) 2 (TGTA) 0, 2(TCTA) n. Therefore, the alleles were designated by the 
total number of (TCTA) and (TGTA) units described by Gusmao et al.  
 
 
 121
 Allele Distribution For The African American/Caucasian Population 
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Figure 52. Precision for Y-GATA A10. 
 122
Allele
"1"
Allele
"2"
Allele
"3"
Allele
"4"
Allele
"5"
Allele
"6"
Allele
"7"
Allele
"8"
0.0
0.2
0.4
0.6
0.8
1.0
F
r
e
q
u
e
n
c
y
Allele
Allele Distribution For The African American Population (n =200)
Multiplex III : Y-GATA-A10
Allele
"1"
Allele
"2"
Allele
"3"
Allele
"4"
Allele
"5"
Allele
"6"
Allele
"7"
Allele
"8"
0.0
0.2
0.4
0.6
0.8
1.0
 
F
r
e
q
u
e
n
c
y
 Allele 
Allele Distribution For The Caucasian Population (n = 200)
Multiplex III : Y-GATA-A10
 
Figure 53.  The Distribution of Allele Frequencies for Y-GATA A7.10 in Two Major U.S. Population Groups. 
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   Table 33. Allele Distribution for Y-GATA C4. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit 
(+3SD) 
Allele 17 238.5   5   238.2 238.8 
Allele 18 242.8   0   242.5 243.1 
Allele 19 246.8   3   246.5 247.1 
Allele 20 250.6 3.8 11 0.13 250.3 250.9 
Allele 21 254.6 4.0 54 0.11 254.3 254.9 
Allele 22 258.7 4.1 25 0.09 258.4 259.0 
Allele 23 262.8 4.1 74 0.13 262.5 263.1 
Allele 24 266.8 4.0 19 0.10 266.5 267.1 
Allele 25 270.9 4.1 8 0.10 270.6 271.2 
Allele 26 275.1 4.2 1   274.8 275.4 
 
 
 The frequency was measured in three population groups: 100 African Americans, 100 
Caucasians and 98 Hispanics for Y-GATA C4. In the African American population, alleles 17, 
19-25 had the following allele frequencies range from 0.02 – 0.43 respectively. The most 
common allele was found to be 21. The haplotype diversity was calculated to be 0.75. In the 
Caucasian population, allele 23 was represented the most with a frequency of 0.54. Alleles 19 
and 26 were shown to have the least allele frequency of 0.01. The haplotype diversity was 
calculated to be 0.67. In the Hispanic population, there was one sample that was found to have an 
off-ladder allele, falling outside the allelic ranges. Therefore, this sample was not included in the 
frequency studies. In the Hispanic population, alleles 20-24 were found to have allele 
frequencies of 0.03, 0.12, 0.30, 0.45 and 0.10 respectively. The most common allele in this 
population was observed to be 23. The haplotype diversity was calculated to be 0.69. The allele 
frequency distributions for the three populations were graphed and illustrated in Figure 55. 
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 3.4.25 Y-GATA H4 
 For Y-GATA H4, there were 100 African Americans and 100 Caucasians used for the 
precision of this locus. There were 5 alleles (10-14) observed from grouping the samples shown 
in the precision graph (Figure 56). For each cluster, the allele mean, standard deviation and allele 
ranges were calculated and shown in Table 34. The allele mean difference between various 
clusters was found to be 4.2, indicating this locus to be a four base repeat unit. The average 
standard deviation was calculated to be 0.09. Based on this calculation, (+/-) 3 standard 
deviations were used to determine the lower and upper allele limits. The maximum allele range 
for this locus ranged from 127.1 – 144.3 base pairs. The Standard Reference Materials (2395) 
were used for the calibration of this locus.  
 
       Table 34. Allele Distribution for Y-GATA H4. 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
Allele 10 127.3   10 0.09 127.1 127.6 
Allele 11 131.4 4.1 77 0.09 131.1 131.7 
Allele 12 135.5 4.1 98 0.09 135.2 135.7 
Allele 13 139.6 4.1 13 0.09 139.4 139.9 
Allele 14 144.1 4.4 2   143.8 144.3 
 
 
 For Y-GATA H4, the frequency was measured in three population groups: 100 African 
Americans, 100 Caucasians and 99 Hispanics. In the African American population, alleles 10 - 
14 had the following allele frequencies of 0.06, 0.46, 0.44, 0.03 and 0.01 respectively.  The most 
common allele was found to be 11. The haplotype diversity was calculated to be 0.60. In the
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Figure 54. Precision for Y-GATA C4. 
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Figure 55.  The Distribution of Allele Frequencies for Y-GATA C4 in Three Major U.S. Population Groups.
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Caucasian population, allele 12 was represented the most with a frequency of 0.54. The 
haplotype diversity was calculated to be 0.61. In the Hispanic population, alleles 10 - 13 were 
found to have allele frequencies of 0.01, 0.38, 0.54 and 0.07 respectively. Allele 14 was not 
present in this population group. The most common allele was observed to be 12. The haplotype 
diversity was calculated to be 0.57. The allele frequencies were graphed against the variable 
repeat units for the three population groups and depicted in Figure 57.  
 
 3.4.26 YAP 
 YAP, an Alu polymorphic element approximately 400 base pairs in length, is present 
(YAP+) in some individuals and absent (YAP-) in others. The frequency of the Y-chromosome 
containing the YAP element is highest in African Americans followed by European populations 
(Hammer 1995). For precision studies of this locus, 100 African Americans and 100 Caucasians 
were used. For YAP (-), there was one cluster or allele observed at 84 base pairs. For YAP (+), 
there were two clusters at 405bp and 420bp observed from the precision graph (Figure 58). The 
allele mean, standard deviation and allele ranges were calculated for each grouping and shown in 
Table 35. The average standard deviation was calculated to be 0.12 for YAP (-) and 5.34 for 
YAP (+).  Based on this calculation, (+/-) 3standard deviations were used to determine the lower 
and upper allele limits. The maximum allele range observed for YAP (-) was from 84.1 – 84.9 
base pairs. The maximum allele range for YAP (+) was found to be from 389.9 – 421.7 base 
pairs.  The alleles were given nominal designations because this locus has not been calibrated.  
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Figure 56. Precision for Y-GATA H4. 
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Figure 57. The Distribution of Allele Frequencies for Y-GATA H4 in Three Major U.S. Population Groups. 
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      Table 35. Allele Distribution for YAP (+/-). 
Allele  
Number 
Allele 
Mean 
Allele 
∆ Mean 
Number Of 
Samples 
(n) 
Standard 
Deviation
(n > 10) 
Allele  
Lower Limit  
 (-3SD) 
Allele  
Upper Limit
(+3SD) 
YAP- 
Allele "1" 84.5  0 126 0.12 84.1 84.9 
YAP+ 
Allele "2" 405.8  0 74 5.34 389.9 421.7 
 
 
 For YAP, allele frequencies were measured in two population groups: 100 African 
Americans and 100 Caucasians. In the African American population, YAP (-) was found to have 
one common allele with an allele frequency of 0.29. YAP (+) individuals, with the insert, were 
shown to have an allele frequency of 0.71. The haplotype diversity was calculated to be 0.42. In 
the Caucasian population, YAP (-) individuals without the presence of the insert were shown to 
have an allele frequency of 0.98. For YAP (+), there were two individuals that had the insert with 
an allele frequency of 0.02. The frequency of the YAP element is shown to be higher in African 
Americans demonstrating this marker to be potentially useful in population analysis (Bravi 
2000). The haplotype diversity was calculated to be 0.04. The allele frequencies were graphed 
against the corresponding allele. The allele frequency distributions for the African American and 
Caucasian populations are shown in Figure 59. 
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Figure 58. Precision for YAP (-/+).  
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Figure 59. The Distribution of Allele Frequencies for YAP (-/+) in Two Major U.S. Population Groups. 
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3.5 Comparison of Gene Diversities 
 The relative gene diversity values for each of the 28 Y-STR markers in 100 African 
Americans, 100 Caucasians and 99 Hispanics are depicted in Figure 60. Markers with higher 
diversity values are more polymorphic. In a comparison study using all markers, there was one 
locus DYS385 that was found to have a diversity value greater than 90% in at least one 
population.  Y-STR markers, DYS389, DYS19, DYS446, Y-GATA C4 and Y-GATA 10 were 
shown to have diversity values of greater than 70%. There were 19 Y-STR loci that exhibited 
diversity values of 0.50 or higher. The following loci DYS425, DYS434, DYS435 and DYS436 
were shown to have the lowest diversity values, an indication that these markers are not very 
discriminating. The Y-STR diversity values ranged from a low of 0.02 for both DYS435 in 
African Americans and DYS434 in Hispanics to a high of 0.95 for DYS385 in African 
Americans. YAP was found to have the lowest diversity value of 0.04 in the Caucasian 
population, which is consistent with population studies, that show the YAP insert to be absent in 
most Caucasian populations. Consequently, individuals representing YAP+ inserts were found to 
be primarily from the African American population. Thus, the presence or absence of the YAP 
element demonstrates to have a potential to yield information about the ethnic/geographic origin 
of individuals. 
 The markers were ranked according to their calculated diversity values by each 
population group shown in Table 36. For each population group the top ten markers according to 
their diversity values are highlighted in red. In the Hispanic population, the diversity values for 9 
markers (MPIII) were not determined due to insufficient quantities of samples preventing typing 
of these samples using MPIII and therefore, calculation of accurate diversity values. The Y-STR 
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loci were ranked to illustrate that even if particular marker is shown to be diverse in one 
population group it may not be valuable in another population group. This could be useful in 
differentiating individuals of different ethnicities. For example, DYS19 is one of the minimal 
haplotype loci and this marker is found to be more polymorphic in the African American 
population ranked 5th (0.73) than in the Caucasian population ranked 19th (0.45) and in the 
Hispanic population ranked 8th (0.67). Furthermore, DYS438 also a marker of the extended core 
loci ranked 3rd in the Hispanic population with a gene diversity value of 0.70. Whereas, in the 
Caucasian population DYS438 was found to rank 8th with a gene diversity value of 0.60 and least 
polymorphic in the African American population 16th with a diversity value of 0.47. This 
observation demonstrates that even though these markers are part of the minimal haplotype loci 
their relative usefulness is not diverse across all three population groups. Therefore, the use of 
additional markers like Y-GATA C4, Y-GATA A7.2 and Y-GATA A10, not included in the 
minimal core loci, proven to have high diversity values (Table 36), would make the 
discrimination power of Y-STRs greater than that of the minimal haplotype loci.  
 
3.6 Current Status of Database and Population Studies  
 As of June 2004, the Y-STR database for U.S. Populations contains 994 individual 
entries, 990 consisting of complete 19-Locus Y-STR Haplotypes (MPI and MPII) of 5 
populations from 5 geographic regions of the United States: 201 African Americans, 102 Asians, 
330 Caucasians, 240 Native Americans and 121 Hispanics. There were 907 unique Y-STR 
haplotypes observed, indicating that 91.6% of all individuals analyzed are able to be 
distinguished by their 19 locus haplotypes (Table 37). Within the entire database the most 
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Figure 60. A graphical comparison of Gene Diversity values among 28 Y-STRS in Three Major U.S. Populations. 
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          Table 36. Y-STR Gene Diversity values ranked from least to most polymorphic across three population groups. 
Locus 
Caucasian 
Haplotype Diversity 
(h) n=100 Locus 
African American 
Haplotype Diversity 
(h) n=100 Locus 
Hispanic 
Haplotype Diversity 
(h) n=99 
YAP 0.040 DYS435 0.020 DYS434 0.020 
DYS434 0.059 DYS436 0.098 DYS425 0.086 
DYS425 0.082 DYS434 0.116 DYS393 0.364 
DYS436 0.098 DYS425 0.158 DYS388 0.431 
DYS435 0.149 DYS388 0.222 DYS389I 0.507 
DYS393 0.287 DYS426 0.347 DYS391 0.510 
DYS462 0.437 DYS462 0.409 Y-GATA H4 0.567 
DYS426 0.444 DYS392 0.412 Y-GATA A7.1 0.582 
DYS19 0.447 YAP 0.416 DYS437 0.586 
DYS388 0.462 DYS391 0.428 DYS439 0.658 
Y-GATA A10 0.480 DYS437 0.428 DYS19 0.668 
DYS442 0.508 DYS438 0.467 Y-GATA A7.2 0.669 
DYS391 0.528 Y-GATA A7.1 0.543 DYS392 0.677 
Y-GATA A7.2 0.543 DYS389I 0.580 DYS390 0.686 
DYS389I 0.546 DYS442 0.581 Y-GATA C4 0.691 
Y-GATA A7.1 0.554 DYS393 0.594 DYS438 0.697 
DYS392 0.571 Y-GATA H4 0.596 DYS389II 0.743 
DYS437 0.576 DYS441 0.608 DYS385  0.875 
DYS441 0.591 Y-GATA A7.2 0.639     
DYS438 0.596 DYS390 0.652     
Y-GATA H4 0.606 DYS439 0.663     
DYS446 0.615 Y-GATA A10 0.707     
DYS439 0.638 DYS19 0.730     
Y-GATA C4 0.670 Y-GATA C4 0.751     
DYS390 0.703 DYS446 0.753     
DYS389II 0.734 DYS389II 0.782     
DYS385  0.807 DYS385  0.947     
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frequent 19 locus haplotype was seen 10 times with a frequency of approximately 1%. The 
discriminatory capacity is the number of different haplotypes observed for a given population. 
The discriminatory capacity was observed to be higher when the populations were divided into 
five groups. The discriminatory capacity was highest in the African Americans 0.99, next to 
Hispanics 0.992, Asians 0.98, Caucasians 0.95 and the lowest in Native Americans 0.50.  
 The number of Y-STR haplotypes observed for each population group is shown in Table 
37. Within all five groups, 89 - 99% of the haplotypes were observed once. The more highly 
polymorphic markers are first used in order to ascertain better discrimination in obtaining unique 
haplotypes, followed by the remaining loci for additional discrimination if necessary. The most 
frequent haplotype in the African Americans was observed twice (DYS389II- Y-GATAC4- 
DYS390- DYS439- Y-GATA H4- DYS385- DYS19 - Y-GATA A7.1 - Y-GATA A7.2- 
DYS389I- DYS391- DYS437- DYS393- DYS392- DYS438- DYS388- DYS425- DYS434: 30-
21-21-13-11-17,17-15-11-12-13-10-14-14-11-11-12-12-11) with a frequency of 1%. In Asian 
population, the most frequent haplotype was observed 2 times out of 102 individuals (28-20-23-
12-12-15, 19-14-9-12-12-10-15-12-14-11-10-12-11) with a frequency of 1.96%. In Caucasians, 
the occurrence of the most frequent haplotype (29-23-23-12-12-11, 14- 14-11-12-13-11-15-13-
13-12-12-12-11) was observed 3 times with a frequency 0.90%. The most frequent haplotype in 
Native Americans was observed ten times (28-22-25-12-12-16, 17-14-11-11-12-10-14-14-14-11-
12-12-12) with a frequency of 4.22%.  In Hispanics (29-23-24-11-,13-11,14-14-11-13-13-11-15-
13-13-12-12-12-11) was found to be the most frequent haplotype observed twice with a 
frequency of 1.65%. When comparing the relationship between the populations, all African 
Americans are significantly differentiated from the other four population groups. Native 
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Americans show a more close relationship among the individuals analyzed of the same origin 
due to limited migration patterns.   
 Initially, the Y-STR database for U.S. populations comprised data based upon a 19 Y-
STR locus extended haplotype just described. Since there are a number of common 19-locus 
haplotypes, an additional 9 loci from Multiplex III have been included in the database. 
Therefore, as of June 2004, the NCFS database for U.S. Populations contains 360 individuals 
consisting of complete 28-Locus Y-STR Haplotypes of 3 major populations groups from 4 
geographic regions of the United States: 120 African Americans (Connecticut, Virginia), 220 
Caucasians (Connecticut, South Dakota, Virginia), and 20 Hispanics (California).  
 A population study including the 28 Y-STR loci was conducted to further assess the 
discriminatory capacity with the use of these additional makers. Of the 360 individuals, there 
were 356 unique Y-STR haplotypes observed in which, 99.2% of all individuals analyzed are 
differentiated by their 28 locus haplotypes (Table 38). The most frequent haplotype from all 
populations was observed twice with a frequency of 0.56%. When the populations were divided 
into three groups the discriminatory capacity was observed to increase. The discriminatory 
capacity was highest in the African Americans 100% and Hispanics 100%. The Caucasians had 
the lowest discriminatory capacity of 98.6%. The number of Y-STR haplotypes observed for 
each population group is shown in Table 38. Within all three groups, 98 - 100% of the 
haplotypes were observed once. The most frequent haplotype was seen in Caucasians, observed 
twice with a frequency of 0.91%. Although, these percentages are based on a smaller population 
size, theses values are expected to decrease slightly as the population sample size (n) increases.  
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3.7 Minimal Haplotype Loci (MHL) Population Analysis 
 In a previous study, the Y-STR database for U.S. populations found online (see 
http://ystr.charite) uses the 9 minimal haplotype loci for population analysis. The Y-STR 
haplotype distribution comprises the three major population groups only. This database contains 
1705 individual entries with 1116 different unique 9-locus haplotypes. The discriminatory 
capacity was found to be 65.5%. The occurrence of the most frequent haplotype was seen 53 
times with a frequency of 3.1%. The discriminatory capacity was much lower then that observed 
using 19 Y-STR makers (91.6%), which include two more population groups. In addition, the 
discriminatory capacity for the three populations was found to be significantly lower when 
compared to studies with the 19 loci (Table 37). The discriminatory capacity using the 9 minimal 
loci was highest in the African American 75.8%, next Hispanics 74.1% and lowest in Caucasians 
69.6%. Thus, the addition of 10 other markers that extend beyond the 9 minimal loci led to an 
improvement in the discriminatory capacity.  
 
3.8 Additional Markers 
 3.8.1 MPIV 
 An additional 21 novel markers incorporated into a single multiplex system referred to as 
Multiplex IV, is in the process of being added to the database (Hanson 2004). The Y-STR loci in 
this multiplex system range in size from approximately 100-400 base pairs. The markers 
incorporated in this multiplex system are as follows DYS443, DYS444, DYS445, DYS447, 
DYS448, DYS449, DYS452, DYS453, DYS454, DYS455, DYS456, DYS458, DYS463, 
DYS464, DYS468, DYS484, DYS522, DYS527, DYS531, DYS557 and DYS588. In MPIV, 
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there is one bi-local locus DYS527 referred to as DYS527 (a) and (b). There is also a tetra-local 
locus DYS464 referred to as DYS464 (a) through (d), an indication for size not location on the 
chromosome. DYS443 has demonstrated bilocal characteristics, with two alleles frequently 
occurring for a particular sample. However, current literature does not indicate a bilocal nature 
for this marker and further evaluation is being performed to ascertain the status of this locus. An 
evaluation of each locus was carried out to determine the size of alleles and the precision at each 
locus (data not shown). In addition, population studies were conducted to determine allele 
frequency distributions and haplotype diversities for each locus (Hanson 2004). Multi-locus 
haplotype analysis demonstrates that this 21-plex system significantly increases discriminatory 
capacity of Y-STR analysis shown later in a separate study. With these additional Y-STR loci the 
NCFS database now comprises 49 markers from 4 multiplex systems.  
 
3.8.2 Improved Discrimination with MPIV  
 For this study, 358 individuals from three population groups (120 African American, 139 
Caucasians and 99 Hispanics) were typed with the 9 minimal loci.  There were 289 unique Y-
STR haplotypes observed, indicating that 80.7% of all individuals analyzed are distinguished by 
their 9 locus haplotypes (Table 41). Of the 358 samples tested, 96  (27%) individuals did not 
posses a unique haplotype. These individuals were classified into 28 groups with each group 
sharing a common minimal haplotype. These individuals were then analyzed with an additional 
10 markers from Multiplex I and Multiplex II, comprising a total of 19 Y-STRs. Results show 
that 17 out of 96 individuals could not be distinguished using the 19 markers. Therefore, 21  
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       Table 37. Multi-Locus Haplotype Diversity for 5 Population Groups (19 Y-STR Loci). 
  
 
African 
Americans Asians Caucasians 
Native 
Americans Hispanics Total 
Number Of Individuals  200      102 330 237 121 990
Number of Haplotypes 198      100 316 197 120 907
Discriminatory Capacity 99.0%       98.0% 95.8% 50.2% 99.2 % 91.6%
No. Of Haplotypes  
Observed Only Once (%) 196 (98.9%) 98 (96.1%) 304 (96.2%) 176 (89.3%) 119 (99.2%)  856 (94.4%)
Occurrence Of Most  
Frequent Haplotype (%) 2 (1.00%) 2 (1.96%) 3 (0.90%) 10 (4.22%) 2 (1.65%) 10 (1.01%) 
 
 
      Table 38. Multi-Locus Haplotype Diversity for 3 Major U.S. Populations (28 Y-STR Loci). 
  
 
African Americans Caucasians Hispanics Total 
Number Of Individuals  120    220 20 360
Number of Haplotypes 120    217 20 357
Discriminatory Capacity 100.0%    98.6% 100.0% 99.2%
No. Of Haplotypes  
Observed Only Once (%) 120 (100%) 214 (98.6%) 20 (100%) 354 (99.2%) 
Occurrence Of Most  
Frequent Haplotype (%) 1 (0.83%) 2 (0.91%) 1 (5.0%) 2 (0.56%) 
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markers from Multiplex IV were used to possibly further differentiate samples that the minimal 
haplotype loci and the 10 additional markers from Multiplex I and Multiplex II could not. With 
the addition of 21 markers, all samples possessed a unique haplotype except two groups (Table 
40). Group 28 was found to contain a duplicated sample confirmed by the Minnesota Bureau of 
Criminal Apprehension. As a result, one sample from this group was excluded from the database 
allowing this group to possess a unique haplotype. Hence, of the 358 samples tested, only two 
individuals (0.5%) from Group 10 did not possess a unique haplotype using the “minimal 
haplotype” loci, the 10 markers (MPI/MPII), and the 21 markers from MPIV.   
 To exclude the possibility that the two remaining samples from Group 10 were not 
duplicates, the Minnesota Bureau of Criminal Apprehension was contacted for additional 
information regarding the origin of these samples. The laboratory was able to determine that 
these samples were not duplications of the same individual. Based on this information, these two 
samples that share the same Y-chromosome profile could possibly be related. However, Y-STR 
markers are not particularly useful in distinguishing between related individuals, due to the fact 
that Y-STRs are inherited paternally and all males from the same lineage would possess the same 
Y-chromosome profile. Therefore, use of autosomal STRs would be beneficial to confirm if a 
genetic relationship exists between the two individuals.  Autosomal short tandem repeats, 
inherited from the maternal and paternal lines, can be used to indicate degree of relatedness, 
based on the number of alleles shared between two individuals. At these STR regions, the 
frequency of these alleles is used to calculate the probability of relatedness.  
 To determine if the samples not previously discriminated by the 19 loci could be 
distinguished by autosomal analysis, the samples were typed using ProfilerTM. Based on the 
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autosomal genotypes, it was determined that all groups, with the exception of Groups 10 and 28, 
could be differentiated (data not shown). As previously described, Group 28 was found to 
contain a duplicated sample and thus not included in any further studies. Group 10, possessing 
two individuals, were found to share the same alleles at 4 of the loci (vWA, FGA, TPOX and 
D7S820). At the other loci (TH01, CSF1PO, D5S818 and D13S317), it was found that the two 
individuals share only one common allele (Table 39). However, at D3S1358 the alleles differ by 
one repeat unit. These individuals were found to share a majority of their alleles expect at one 
locus, thus indicating the possibility that the two samples could be related.  
 Consequently, excluding the duplicated samples in Group 28 and the related samples in 
Group 10, the addition of 21 markers to the 19 markers, which contain the “minimal haplotype” 
loci, resulted in a 100% ability to discriminate between two unrelated individuals. Thus, the 
additional 31 markers included in our database have demonstrated a significant increase the 
discriminating potential of Y-STRs, compared to only the 9 “minimal haplotype” loci contained 
in existing databases. Based on these results, it has been shown that the use of an extensive 
compilation of Y-STRs provides the ability to discriminate between unrelated male individuals 
effectively. 
 
Table 39. Autosomal Analysis Using Profiler. 
D3S1358 vWA FGA AMEL THO1 TPOX CSF1PO D5S818 D13S317 D7S820
Group 10
(MN) - 0448 15 , 15 16 , 19 21 , 25 XY 6 , 7 8 , 11 9 , 12 7 , 13 11 , 12 10 , 12
(MN) - 0501 17 , 20 16 , 19 21 , 25 XY 7 , 9.3 8 , 11 12 7 , 11 9 , 11 10 , 12
Group 28
(MN) - 0431 17 17 24 XY 6 9 , 11 11 , 12 7 , 12 11 11
(MN) - 0451 17 17 24 XY 6 9 , 11 11 , 12 7 , 12 11 11
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      Table 40. MPIV improvement on Discrimination Potential of 19 Y-STR loci. 
N u m b e r  o f  S a m p l e s  N o .  o f  S a m p l e
 
G r o u p
N u m b e r
W i t h  T h e  S a m e  P r o f i l e
(  9  M i n i m a l  L o c i  )
s  
W i t h  1 9  M a r k e r s
(  M P I  /  M P I I  L o c i  )
N o .  o f  S a m p l e s  
W i t h  2 1  M a r k e r s
(  M P I V  L o c i  )
G r o u p  1 2 0 0
G r o u p  2 2 0 0
G r o u p  3 2 0 0
 G r o u p  4 1 3 0
G r o u p  5 2 0 0
G r o u p  6 2 0 0
G r o u p  7 2 0 0
G r o u p  8 2 0 0
G r o u p  9 6 0
 G r o u p  1 0 1 2
G r o u p  1 1 4
G r o u p  1 2 4 0 0
G r o u p  1 3 4 0 0
G r o u p  1 4 2 0 0
G r o u p  1 5 3 0 0
G r o u p  1 6 2 0 0
G r o u p  1 7 4 0 0
G r o u p  1 8 6 0 0
G r o u p  1 9 2 0 0
G r o u p  2 0 4 0
G r o u p  2 1 4 0 0
G r o u p  2 2 2 0 0
G r o u p  2 3 2 0 0
G r o u p  2 4 2 0 0
G r o u p  2 5 2 0 0
G r o u p  2 6 2 0 0
G r o u p  2 7 2 0 0
G r o u p  2 8 2
5
2
4 2
2 0
2
2 0
    
   Table 41. Distribution of 9 “MHL” Y-STR Haplotypes for Three Major U.S. Populations 
 
 
African-Americans Caucasians Hispanics Total 
Number Of Individuals  120    139 99 358
Number of Haplotypes 115    111 86 289
Discriminatory Capacity 95.8%    79.9% 87.0% 80.7%
No. Of Haplotypes Observed Only Once (%) 111 (96.5%) 100 (90.1%) 80 (93.0%) 262 (90.7%) 
Occurrence Of Most Frequent Haplotype (%) 3 (2.5%) 9 (6.47%) 5 (5.1%) 13 (3.63%) 
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3.9 Allelic Ladders 
 Allelic ladders have become a recommended standard for Y-STR systems used in 
forensic analysis (Gill 2001). The construction of these ladders allow for precise sizing and 
detection of Y-STR alleles. Allelic ladders are shown to improve DNA typing by accurately 
distinguishing alleles differing in length by one nucleotide. Also, the characterization of 
microvariant alleles has demonstrated the importance of including an allelic ladder in Y-STR 
analysis. Detection using the ABI Prism 310 Genetic Analyzer allows for comparison of the 
known sizes of alleles present in the ladders with unknown sizes of the samples. Thus, knowing 
the size of the Y-STR markers accurately provides genotype determinations for unknown 
fragment lengths.  
 DNA samples from the NCFS Y-STR Database were used to construct allelic ladders for 
Multiplex I and Multiplex II systems. The samples chosen represent the alleles observed for each 
locus. The DNA samples were individually amplified for each locus individually using 
singleplex PCR and detected with capillary electrophoresis.  Based on these results, the 
amplified products were pooled together so that a combination of alleles, representing each allele 
previously seen, was obtained for the production of an allele mix for each locus. All DNA 
samples amplified used to construct the allelic ladder had a concentration of approximately 
1ng/ul to aid in obtaining a well-balanced ladder. Subsequently, various proportions of the 
amplified products still had to be used to generate peak heights that were relatively equal. For 9 
Y-STRs in Multiplex I, the relative proportions of alleles specific to each locus were determined 
and shown in Table 42 and continued in Table 43. The loci were then combined to form allelic 
ladders for each individual channel (FAM-blue, TET-green and HEX-yellow).  A representation 
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of the allelic ladder for Multiplex I is illustrated in Figure 61. This allelic ladder comprises a total 
of 57 fragments ranging in size from 109 - 386 base pairs incorporated into three channels. 
Multiplex II contains 10 Y-STR markers. The proportions of total DNA for each allele was 
determined and shown in Tables 44 - 46. The individual loci were combined to generate an 
allelic ladder for the FAM-blue, TET-green and HEX-yellow channels. The allelic ladder for 
Multiplex II is represented in Figure 62. There were a total of 56 fragments ranging in size from 
99 - 275 base pairs.  
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      Table 42. Multiplex I Allelic Ladder Proportions for the Blue and Green Channels. 
       
L o c u s A lle le  # S ize  (b p ) C o n c e n tra tio n L a d d e r (u l)
P ro p o rtio n  o f 
T o ta l D N A
M a s te r
M ix
A lle le  1 0 1 0 9 .5 1 n g /u l 3 u l 1 /7
A lle le  1 1 1 1 3 .5 1 n g /u l 3 u l 1 /7
D Y S 3 9 3 A lle le  1 2 1 1 7 .2 1 n g /u l 3 u l 1 /7 3 u l
A lle le  1 3 1 2 1 .1 1 n g /u l 3 u l 1 /7
A lle le  1 4 1 2 5 .2 1 n g /u l 3 u l 1 /7
Prim ers  F /R  : (0 .069u l) A lle le  1 5 1 2 9 .2 1 n g /u l 3 u l 1 /7
 A lle le  1 6 1 3 3 .3 1 n g /u l 3 u l 1 /7
A lle le  7
A lle le  8 1 n g /u l 2 u l 1 /7
A lle le  9 2 4 1 .5
D Y S 3 9 2 A lle le  1 0
A lle le  1 1 1 n g /u l 2 u l 1 /7 3 u l
A lle le  1 2 2 5 0 .6 1 n g /u l 2 u l 1 /7
A lle le  1 3 2 6 3 .7 1 n g /u l 2 u l 1 /7
A lle le1 4 2 5 6 .6 1 n g /u l 3 u l 3 /1 4
A lle le  1 5 2 6 0 .1 1 n g /u l 3 u l 3 /1 4
A lle le  1 6 2 6 2 .8
Prim ers  F /R  : (1 .25u l) A lle le1 7 2 6 5 .7
A lle le  1 8 2 6 9 .0
A lle le  7 2 6 9 .4 1 n g /u l 2 u l 1 /6
A lle le  8 2 7 3 .6 1 n g /u l 2 u l 1 /6
D Y S 3 9 1 A lle le  9 2 7 8 .0 1 n g /u l 2 u l 1 /6 2 u l
A lle le  1 0 2 8 1 .8 1 n g /u l 2 u l 1 /6
A lle le  1 1 2 8 5 .8 1 n g /u l 2 u l 1 /6
Prim ers  F /R  : (0 .0815u l) A lle le  1 2 2 8 9 .7 1 n g /u l 2 u l 1 /6
L o c u s A lle le  # S ize  (b p ) C o n c e n tra tio n L a d d e r (u l)
P ro p o rtio n  o f 
T o ta l D N A
M a s te r
M ix
A lle le  1 1  -  2 7 2 4 4 .5  ,  3 6 2 .9 1 n g /u l 2 u l 2 /1 7
A lle le  1 2  -  2 6 2 4 8 .3  ,  3 5 9 .0 1 n g /u l 2 u l 2 /1 7
D Y S 3 8 9  I/I I  A lle le  1 2  - 2 8 2 4 8 .6  ,  3 6 6 .8 1 n g /u l 2 u l 2 /1 7
 A lle le  1 3  - 2 9 2 5 2 .3  ,  3 7 0 .4 1 n g /u l 2 u l 2 /1 7 2 u l
A lle le  1 4  -  3 0 2 5 6 .7  ,  3 7 4 .5 1 n g /u l 2 u l 2 /1 7
A lle le  1 5  -  3 1 2 6 0 .3  ,  3 7 8 .2 1 n g /u l 3 u l 3 /1 7
Prim ers  F /R  : (0 .1875u l) A lle le  1 3  -  3 2 2 5 2 .3  ,  3 8 2 .2 1 n g /u l 2 u l 2 /1 7
A lle le  1 4  -  3 3 2 5 6 .4  ,  3 8 6 .1 1 n g /u l 2 u l 2 /
(7  A lle les )
N ot s een  in  D T B S
2 3 8 .7
N ot s een  in  D T B S
(12  A lle les ) 2 4 7 .7
(6  A lle les )
(13  A lle les )
1 7
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           Table 43. Multiplex I Allelic Ladder Proportions for the Yellow Channel. 
 
Locus Allele # Size (bp) Concentration Ladder (ul)
Proportion of 
Total DNA
Master
Mix
Allele 10 173.9 1ng/ul 2ul 1/5
YGATA A7.2 Allele11 177.8 1ng/ul 2ul 1/5
Allele12 181.8 1ng/ul 2ul 1/5 2ul
Allele13 185.9 1ng/ul 2ul 1/5
Primers F/R : (0.125ul) Allele14 189.7 1ng/ul 2ul 1/5
Allele 8 207.9 1ng/ul 2ul 1/7
Allele9 212.7 1ng/ul 2ul 1/7
DYS438 Allele10 217.5 1ng/ul 2ul 1/7 2ul
Allele11 222.3 1ng/ul 2ul 1/7
Allele12 227.1 1ng/ul 2ul 1/7
Allele 13 231.7 1ng/ul 2ul 1/7
Primers F/R : (0.1875ul) Allele 14 236.5 1ng/ul 2ul 1/7
Allele 9-14 274.4, 293.9 1ng/ul 3ul 3/28
Allele 10-14 278.5, 293.9 1ng/ul 3ul 3/28
Allele 11-11 282.2 1ng/ul 2ul 1/14
DYS385 Allele 12-12 286.3 1ng/ul 2ul 1/14
Allele 13-13 290.1 1ng/ul 3ul 3/28 3ul
Allele 15-15 297.8 1ng/ul 3ul 3/28
Allele 16-16 301.7 1ng/ul 3ul 3/28
Allele 17-19 305.6, 313.5 1ng/ul 3ul 3/28
Allele 18-18 309.9 1ng/ul 3ul 3/28
Primers F/R: (1.25ul) Allele 17-20 317.6 1ng/ul 3ul 3/
(5 Alleles)
(7 Alleles)
(14 Alleles)
28
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Figure 61. Electropherogram representing the Allelic Ladder for Multiplex I. The ladder was run on an ABI Prism 310 Genetic 
Analyzer. The x-axis shows the allele size in base pairs. The y-axis exhibits the peak height in relative fluorescence units (RFU). 
Listed above each peak is the corresponding allele for a particular locus. 
 150
       
       
              Table 44. Multiplex II Allelic Ladder Proportions for the Blue Channel. 
 
Locus Allele # Size (bp) Concentration Ladder (ul)
Proportion of 
Total DNA
Master
Mix
Allele 10 99 1ng/ul 4ul 2/13
DYS425 Allele 11 102 1ng/ul 4ul 2/13
Allele 12 105.1 1ng/ul 5ul 5/26 11ul
Allele 13 108.1 1ng/ul 5ul 5/26
Primers F/R : (0.1125ul) Allele 14 111.4 1ng/ul 8ul 4/13
Allele 10 120.3 1ng/ul 2ul 1/9
Allele 11 123.2 1ng/ul 2ul 1/9
Allele 12 126.4 1ng/ul 2ul 1/9
DYS388 Allele 13 129.5 1ng/ul 2ul 1/9
Allele 14 132.4 1ng/ul 2ul 1/9 8ul
Allele 15 135.6 1ng/ul 2ul 1/9
Allele 16 138.6 1ng/ul 3ul 1/6
Primers F/R : (0.1875ul) Allele17 141.9 1ng/ul 3ul 1/6
Allele 20 196.8 1ng/ul 3ul 3/20
Allele 21 200.7 1ng/ul 3ul 3/20
DYS390 Allele 22 204.7 1ng/ul 3ul 3/20 11ul
Allele 23 208.7 1ng/ul 2ul 1/10
Allele 24 212.7 1ng/ul 4ul 1/5
Allele 25 216.7 1ng/ul 2ul 1/10
Primers F/R : (0.125ul) Allele 26 220.6 1ng/ul 3ul 3/20
Allele 9 235.4 1ng/ul 2ul 2/13
DYS439 Allele 10 239.1 1ng/ul 2ul 2/13
Allele 11 243.1 1ng/ul 2ul 2/13 8ul
Allele 12 247.2 1ng/ul 3ul 3/13
Primers F/R : (0.0813ul) Allele 13 251.2 1ng/ul 4ul 4/
(5 Alleles)
(8 Alleles)
(7 Alleles)
(6 Alleles)
13
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             Table 45. Multiplex II Allelic Ladder Proportions for the Green Channel. 
 
Locus Allele # Size (bp) Concentration Ladder (ul)
Proportion of 
Total DNA
Master
Mix
Allele 10 106.9 1ng/ul 2ul 2/7
DYS434 Allele 11 110.8 1ng/ul 2ul 2/7 4ul
 Allele 12 114.8 1ng/ul 3ul 3/7
Primers F/R : (0.1625ul)  Allele 13
Allele 13
DYS437 Allele 14 1ng/ul 3ul 3/10
Allele 15 189.2 1ng/ul 3ul 3/10 6ul
Allele 16 193.1 1ng/ul 2ul 1/5
Primers F/R : (0.0875ul) Allele 17 197.1 1ng/ul 2ul 1/5
Allele 17 238.7 1ng/ul 3ul 1/12
Allele 18
Y-GATA C4 Allele 19 246.7 1ng/ul 5ul 5/36
Allele 20 250.6 1ng/ul 4ul 1/9
Allele 21 254.6 1ng/ul 4ul 1/9 6ul
Allele 22 258.7 1ng/ul 4ul 1/9
Allele 23 262.6 1ng/ul 4ul 1/9
Allele 24 266.8 1ng/ul 4ul 1/9
Primers F/R : (0.1065ul) Allele 25 270.9 1ng/ul 4ul 1/9
Allele 26 275.1 1ng/ul 4ul 1/
(4 Alleles)
(MN: No Sample)
(MN: No Sample)
185.3
(5 Alleles)
Not seen in DTBS
(10 Alleles)
9
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            Table 46. Multiplex II Allelic Ladder Proportions for the Yellow Channel. 
 
Locus Allele # Size (bp) Concentration Ladder (ul)
Proportion of 
Total DNA
Master
Mix
Allele 9 104.9 1ng/ul 2ul 1/4
Y-GATA A7.1 Allele10 108.8 1ng/ul 2ul 1/4
Allele11 112.8 1ng/ul 1ul 1/8 2ul
Allele12 116.8 1ng/ul 1ul 1/8
Primers F/R : (0.0875ul) Allele13 121 1ng/ul 2ul 1/4
Allele 9
Allele 10 1ng/ul 1ul 1/6
Y-GATA H4 Allele 11 131.4 1ng/ul 2ul 1/3 2ul
Allele 12 135.5 1ng/ul 1ul 1/6
Allele 13 139.6 1ng/ul 1ul 1/6
Primers F/R : (0.1125ul) Allele 14 144.1 1ng/ul 1ul 1/6
Allele 12 1ng/ul
Allele 13 1ng/ul 2ul 1/5
DYS19 Allele 14 238.8 1ng/ul 2ul 1/5 2ul
Allele 15 242.8 1ng/ul 2ul 1/5
Allele 16 246.9 1ng/ul 2ul 1/5
Primers F/R: (0.63ul) Allele 17 250.9 1ng/ul 2ul 1/
(5 Alleles)
(MN: No Sample)
127.3
(6 Alleles)
(MN: No Sample)
234.7
(6 Alleles)
5
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Figure 62. Electropherogram representing the Allelic Ladder for Multiplex II. The ladder was run on an ABI Prism 310 Genetic 
Analyzer. The x-axis shows the allele size in base pairs. The y-axis exhibits the peak height in relative fluorescence units (RFU). 
Listed above each peak is the corresponding allele for a particular locus. 
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CHAPTER 4. CONCLUSIONS 
 
 The design and development of a comprehensive 49 locus Y-STR Database for U.S. 
populations was established to provide an essential approach to facilitate the generation of 
reliable estimates of Y-STR haplotype frequencies from various ethnically diverse populations. 
Such multi-locus haplotype frequencies are required to provide a statistical estimate of the 
significance of a match. The U.S. Y-STR Haplotype Reference Database that currently exists 
showed the most frequent minimal haplotype to occur approximately 3% of the time, indicating a 
potential need to improve discriminatory capacity. In comparison to population studies 
conducted using the 19 Y-STR markers, the most frequent haplotype was found to occur only 
1% of the time.  Therefore, to further differentiate samples that 19 loci could not resolve, 21 
highly polymorphic Y-STR markers were then employed to achieve 100% discrimination. Thus, 
the use of incorporating additional markers that extend beyond the” minimal haplotype” loci 
were shown to significantly improve the results for differentiating haplotypes seen multiple times 
in the database. Haplotype data showed these Y-STR markers to be more diverse than most of 
the “minimal haplotype” loci. As a result, by combing these polymorphic markers into a 
comprehensive database, the discriminatory capacity was proven to significantly increase among 
the different population groups.  
 Future goals of Y-STR Database are to continuously expand the number of individuals in 
the database and incorporate additional loci for each ethnic group. Currently, NCFS possesses 49 
Y-STR markers, a significant increase compared to existing databases, in which all data fields in 
the database need to be populated. Efforts are being continued in order to calibrate the remaining 
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loci from the newly incorporated Multiplex III and Multiplex IV systems. Preparation of allelic 
ladders is also being continued to allow accurate genotyping for each multiplex system. Lastly, 
to provide additional benefits and accessibility to the forensic community, the foundations for 
providing a web-based database is currently being established. A national Y-STR Haplotype 
Reference Database will be made available online listing 49 locus Y-STR haplotypes that will 
allow forensic scientists to use any combination of makers for population analyses and extract 
statistical information. One of the main features of the database is the “search” function that will 
allow the user to obtain frequency estimates for complete 49 locus Y-STR haplotypes, partial 
haplotypes as well as single Y-STR alleles. The pull-down boxes will include various options 
that allow the user to select the population group of interest and choose from a list of alleles 
observed for each specific locus found in the database.  If the database contains individuals with 
multi-locus alleles for a specific marker, additional boxes will be provided to allow entry of 
subsequent alleles.  As a result of the query, a report of the haplotype data entered and the 
number of individuals matching this haplotype from the selected population sample size will be 
given. In addition, the website will provide contact information about collaboration efforts to 
collect population data and detailed information about the multiplex primers and protocols.  
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